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INTRODUCTION. 



The present Treatise is written for the purpose of pro- 
viding the practical man with some simple rules for the 
delineation of various geometrical figures and for their 
application to usefiil and ornamental purposes. In a work 
upon ' Practical Geometry ' no demonstration is given of 
the rules laid down, the results only of scientific investi- 
gation being explained. 

Geometrical figures were undoubtedly made use of for 
building and other purposes long before any demonstra- 
tions or investigations of their properties were attempted ; 
since we find examples in ancient temples of the use of 
parallels, right angles, oblongs, squares, circles, conic sec- 
tions, spirals, and other figures, long before any treatises 
upon geometry were written to investigate their properties. 
When, however, logical deduction was brought to bear 
upon geometry, and it was thereby formed into a ' science,' 
a large number of valuable properties were discovered that 
were hitherto unknown, and the modern application of 
analysis to geometry has greatly extended our knowledge 
of this science. 

In the following pages all abstruse formulae or compli- 
cated methods have been avoided, the rules laid down being 
^ rendered as simple as possible so as to enable pei'sons with 
very moderate knowledge- of geometry to work out the 
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IV INTRODUCTION. 

various problems and processes with the sirbplest instru- 
ments usually at command. 

In the first chapter the various combinations of straight 
LINES are given, the circle being used, however, as a neces- 
sary aid to the ready solution of the problems. 

The second chapter is devoted entirely to the circle and 
the various problems that arise in connection therewith, 
including its application to architectural purposes as well as 
to the drawing of polygonal figures. 

The curves known as the conic sections are treated in 
the third chapter ; the object being to enable the prac- 
tical man to apply those curves with the greatest possible 
facility ; and several of their uses in architecture are also 
suggested. The curve formed by a rope or chain sus- 
pended at two points, called the catenary, is introduced at 
the end of this chapter, although in no way connected with 
the conic sections. 

In the fourth chapter some of the cuWes known to 
mathematicians as curves of flexure are discussed, and 
rules given for drawing and applying them to architectural 
purposes. These curves have the form of the letter S or 
of the figure 8, and are frequently employed for the contour 
of mouldings and arches. It is, however, too often the 
case, that instead of a true mathematical curve being 
employed, a rough imitation is substituted by drawing two 
arcs of circles turned in opposite directions and meeting at 
the hue joining their centres; This method is, however, 
quite contrary to the principle of curves of flexure in which 
the curvature becomes flatter and flatter as the point of 
contrary flexure is approached, and merges into a straight 
line at the actual bending point. Such a curve cannot 
therefore be imitated by arcs of circles, and it is far better 
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to draw it by hand through * points ' found upon its con- 
tour, unless a method of ' continuous motion ' can be readily- 
employed. 

The fifth chapter is devoted to a large and important 
class of curves known as spirals. Some few of these can 
be drawn by ' continuous motion,' but in all cases methods 
of finding ' points,' and of drawing the curve through those 
points either by hand or by the compasses are carefully 
laid down; so that they can be as accurately drawn as 
is necessary in practice by aid of a cjrawing board, T 
square, set squares, and a scale of parts. On account 
of the frequent use of spirals in decorations, the author has 
been at considerable pains to make the deUneation of them 
in great variety as easy as possible to those who have but 
small knowledge of mathematical science. 

The sixth chapter explains the methods that may be em- 
ployed for describing and applying the curves known under 
the name of cycloids, some of which may be used in archi- 
tecture and in the mechanical arts. 

There are numerous other curves known to mathema- 
ticians which have not been touched upon in the present 
work, the author having confined himself to those which 
appeared to him of most practical utility to the class of 
readers for whom it was intended. 
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CHAPTER I. 

THE STRAIGHT LINE. 
LiXES. 

1. Definitions. — ^A mathematical point is a position in 
space of which no part can be taken ; a mathematical line 
is formed by the motion of a point in space ; when the 
motion is always in the same direction, a right or straight 
line is produced. A physical line is drawn by the motion 
of the point of a pen or pencil over any surface. A mathe- 
matical surface is produced by the motion of a hne in any 
direction ; when the moving line is straight and the motion 
all in one direction, the surface is called a plane. When 
a portion of a surface is entirely enclosed by a line or lines, 
the boundary is called the perimeter or circumference. 
When two right lines meet together at a point they are said 
to form an angle with each other, which is greater or less 
according to the amount of turning or inclination which 
one line makes with the other; for example, the angle 
A O C (fig. 1) which O C makes with A is greater than 
the angle A B which B makes with A. Let a circle be 
drawn from as a centre and with any radius, then the 
angle at is measured by the arc which it subtends, the 
arc and the angle increasing and decreasing together ; when 
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the angle CO A ifl double the angle BOA, the arcACia 
Rg, 1, twice as long as the arc AB. If 

the line A O is produced to any 
point E, and the perpendicular 
D is set up so as to make the 
angle A D equal to the angle 
E D, then each of these angles 
ia called a right angle.. The 
angle A O B, which is less than 
a right angle is called an acute angle, and the angle A C, 
which is greater than a right angle, is called an obtuse 
angle. An angle is said to be included by the two lines 
forming it. The point Ois called the vertex or angular point 
of the angles A O C, A D, A O B. 

Z. To divide a, right line of given length into two or more 
equal parts. — Let AB (fig. 2) be the given line. From 
the points A and B as centres, and 
with any radius,B G or A F,greater 
than half the length of AB, de- 
scribe circles cutting each other in 
D and E ; then the straight line 
DOE will bisect A B in C, making 
CA equal to CB; also DC will 
be perpendicular to A B, the angles 
A C D and BCD being equal. 

If we bisect each of the equal 
parts A C and B C in the manner 
above described, we shall have the 
line A B divided into four equal parts ; and if each of these 
is again bisected the line will be divided into eight equal 
parts. In this manner we can divide a line into any num- 
ber of equal parts, that number being a power of two, as 4, 
■'fi. 32, and so on. 
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When the given line is too long to allow of the arcs being 
struck from the two ends, its middle point can be found by 
measuring equal distances A Q and B F from each end, and 
then bisecting, by the foregoing method, the line between 
the points F, G in the point C which will also be the middle 
point of the given line A B. 

3. From a given point in a given right line to erect a 
perpendicular. — Let C (fig. 2) be the given point in the 
given hue A B. Froin C as a centre and with any radius 
C A describe a circle cutting the line in A and B. From A 
and B as centres, and with any radius A F greater than A C, 
describe circles cutting each other in the points D and E ; 
then the right line D C E will be perpendicular or at right 
angles to A B. 

Another method. 

Ijet CAB (fig. 3) be the given line, A the given point. 
Take any length A D and measure A C equal to three times 
A D, and A B equal to four j-ig. 3. 

times AD, From A as a cen- 
tre, and with A C for radius, 
describe a circle ; from B as a 
centre and with B D as a ra- 
dius, draw an arc cutting the 
cirde in the point E. Then 
the straight line E A is perpendiculM- to A B. 

This method is used by surveyors iu settiog out a 
right angle ; let a cord or measuring tape be held tight at 
three points so as to form a triangle ABE, having the 
lengths of its sides in the proportion of 3, 4, and 5 ; then 
the angle B A E, which is opposite the longest side or hypo- 
tenuse B E, will be a right angle. 

•ft. To draw a perpendicular to a given right-line from a 
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given point outside of it. — ^Let A B (fig. 4) be the given 
Fig. 4. line, C the given point Take 

any point X on the opposite 
side of the line to that on which 
C lies, and join CX. From C 
as a centre, and with CX for 
radius, describe a circle cutting 
the given line in the points A 
and B; join AC, BC. From 
A and B as centres, with A C as 
radius, describe circles intersect- 
ing in and D; draw CD 
cutting A B in the point H, then the line C H D is perpen- 
dicular to A B. 

In applymg tliis process to surveying, it is only necessary 
to measure two equal lengths from C to A B, namely, C A 
and C B, and to bisect the line A B in H ; then the line 
H C will be perpendicular to A B. 

*. From a given point to draw a right line equal in length 
to a given line. — Let A B (fig. 5) be the given line, C the 
p. g given point. Join A C. From 

A and C as centres, and with 
A C for radius, describe circles 
cutting each other in the point 
D ; join D C and D A. From 
A as a centre, and with A B 
as a radius, describe a circle 
and produce D A to meet it 
in E. From D as a centre, 
and with D E for radius, describe a circle, and produce D C 
to pieet it in F ; then C F is equal to A B, and is drawn 
from the given point C. 
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tf. From the longer of two unequal right lities to cut 
off a part equal to the shortm: — Let AB (fig. 6) be the 
longer of the two lines, fix>m which it Fig. 6. 

is required to cut off a part equal to 
C the: shorter. From the point A 
draw in any direction the line A D 
equal to C (a ). From A aa a centre, 
and with radius AD, describe a cir- 
cle cutting A B in E ; then A E is equal in length to C. 




Angles. 

7. To construct an angle equal to a given angle. — ^Let 
BAG (fig. 7) be the given angle made by the two lines 
A B and A C meeting at A. From Y\e. 7. 

-A as a centre and with any radius 
AB, describe a cirde cutting AB 
and AC in B and C; join BC. 
Draw any right line D E, and from 
D as a centre, with a radius equal to 
AB, describe a circle cutting DE 
in the point E. From E as a centre, 
■with a radius equal to B C, describe 
an arc cutting the circle in the point F. Join F D ; 
then the angle F D E is equal to the angle BAG. If D E is 
parallel (12) to A G, then D F will be also parallel to A B. 

8a To divide a given rectilinear angle into two or more 
equal angles. — Let BAG (fig. 8) be the given angle made 
by the lines A B and A C. From A as a centre, with any 
radius AB, describe a cdrcle cutting the lines in B and C ; 
join B and C. From B and C as centres, and with B C as 
a radius, describe circles intersecting at the point D. 
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quadrant B E, we can divide it into fifteen eqxial parts, aod 
hence the right angle can also be divided into fifteen equal 
parts. Since each of the five or fifteen parts can be divided 
by two, four, eight, &c., it is prasible to divide the right 
angle into five, ten, fifteen, twenty, thirty, and any other 
number of equal parts, being a product of five or fifteen 
into a power of two. 

11. From tiso given points to draw two right lines meeting 
a given right line in the same point and making equal angles 
therewith. — Let A and B 
" (fig. 11) be the given 

points, CE the given 
line. If A and B are 
on the same side of the 
given fine, then draw 
from one of them, as A, 
the line AC at right 
angles to C E (4) ; produce A C to D, making C D equal to 
C A. Draw D B, cutting the given line at E, and join A E ; 
then the lines A E and B K make equal angles at E, with 
the line CE. 

If the given points, as B and D, are on opposite sides of 
the given line, draw DB cutting the line atE, then DE 
and B E make equal angles at E with the given line. 




Parallels. 

IZ. Dbpinitions. — Two right lines which he in the same 
plane are said to be parallel to one another when their dis- 
tance apart is everywhere the same, so that however far they 
may be produced in either direction they will never meet. 

If two lines are each parallel to a third line, they are 
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parallel to one another. If two lines which are parallel 
are also of equal length, the right lines which join the 
adjacent extremities of those lines will be themselves equal 
and parallel If the lines A B and E F (fig. 12) are parallel 
and any line CD is drawn across them, then the angles 
.ECD, CDB are equal, and the angles ADC, DCF are 
also equal ; these angles are called aliemate angles. The 
sum of the two angles F C D, CDB is equal to two right 
angles, and the sum of the angles ECD, C D A is also 
equal to two right angles. 

13. To draw a right line through a given point and 
parallel to a given line. — Let AB (fig. 12) be the given 
line, C the given point Draw pig. 12. 

any right line C D, cutting A B in 
D ; and from D and C as centres, 
with D C as radius, describe cir- 
cles CH and DE. Let the arc 
CH cut AB in H, and join CH. 
Then from D as a centre, and with 
H C as radius, describe an arc cutting the circle D E in E. 
Draw the right line C E, which will be parallel to the given 
line A B. 

Another method is to draw C B perpendicular to A B 
(*), and then to draw E C perpendicular to C B ; EC will 
be parallel to A B. This is a rule that is readily available 
for setting out parallel lines upon the ground. 

When an instrument for setting out angles is used, we 
have only to make the angle ECD equal to the angle - 
C D H, and the lines E C and A B will be parallel. 

The line C B perpendicular to both the parallels repre- 
sents the shortest distance between them, which is always 
of the same length for the same pair of parallels. 
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Proportion. 



14. Definitions. — ^A greater magnitude is said to be a 
multiple of a lesser one of the same kind, wKen the greater 
contains the less a certain number of times esactly. Thus 
the numbers 4, 6, 8, &c., are multiples of 2. Equi-multiples 
of two different quantities are when those quantities are 
taken the same number of times ; thus, the numbers 4 and 
6 are equi-multiples of 2 and 3, 4 being twice 2, and 6 
twice 3. 

RatiOj proportion, or relative magnitude j is a mutual rela- 
tion of two magnitudes of the same kind to one another, 
with respect to the number of times that one is contained 
in the other. If there be four magnitudes, and any equi- 
multiples whatsoever of the first and third be taken, and 
also any equi-multiples whatsoever of the second and fourth 
be assmned; if, according as the multiple of the first is 
greater, equal to, or less than the multiple of the second, the 
multiple of the third is also greater, equal to, or less than 
the multiple of the fourth ; then the first is said to have to 
the second the same ratio or proportion as the third has to 
the fourth. 

Magnitudes which have the same ratio to one another are 
called proportionals. If there are three quantities, and the 
first has to the second the same ratio as the second has to 
the third, then the last is called a third-proportional to the 
first and second, and the second is called a m^anrproportional 
between the first and third. If there are four quantities, and 
the first has to the second the same ratio as the third has to 
the fourth, then the last is called b, fourihrproportional to 
the rest, and the second and third are two mean-propor- 
tionals between the first and fourth. 
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When four magnitudes are proportional, it is usual to 
say that the first is to the second as the third to the fourth ; 
or, the first contains, or is contained in, the second the same 
number of times, or parts of a time, as the third contains, 
or is contained in, the fourth. 

When a right Une A B (fig. 10) is divided into two un- 
equal parts at C, so that the ratio of the whole line A B to 
the larger part A C is the same as that of the larger part 
AC to the lesser part CB, the line is said to be cut in 
extreme and mean ratio by the dividing point C. 

The sum of two or more quantities is the quantity ob- 
tained by adding them tc^ether. The difference of two 
quantities is the amount by which one exceeds the other. 

IB. To find a third-proportional to two given right lines. 
—From any point A (fig. 13) draw two lines AC, AE, 
making an acute 
angle with each 
other. On A C 
take AB equal to 
the first and BC 
to the second of 
■the given lines, On 
A E take A D equal 
toBC. Jom BD, 
and draw CE pa- 
rallel (l3) to B D ; then D E is the ^ird-proportional to 
AB and AD, or, AB is to AD (or BC) as AD is to 
DE. 

16. To find a fourth-proportional to three given right 
lines. — From any point A (fig. 14) draw two right lines 
A C and A E, making an acute angle at A. Take A B 
equal to the first of the given lines, B C to the second, and 
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AD to the third. Joio B D, and draw C£ parallel (13) 
Fig. 14. to BD. Then DE is 

the fourth-proportional to 
the lines AB,BC, AD; 
or; A B is to B C as A D 
to D E, which is generally 
written thus : 
AB:BC :: AD : D E. 
17, To find a mean-proportional beticeen two given right 
lines, — Draw any straight line A C (fig. 15), and on it take 
AB and BC equal to the 
two given lines. Bisect A C 
in the point D, and from D 
as a centre, with D A as 
radius, describe a circle. At 
B erect the line B E perpen- 
dicular to A C (3), meeting 
the circle in the point E. 
Then B E is a mean-proportional between A B and B C ; 
or,AB : BE : : BE : B C. 

18a To divide a right-line of given length into any 
number of parts. — Let AB (fig. 16) be the given lin& 
Fig. 16. From A draw a line 

AC making any angle 
with A B. Measure by 
any scale the lengths 
AD, DE, EC, in, the 
proportion of the re- 
quired divisions. Join 
CB, and draw EF, DG, parallel to CB; then the line 
A B is divided at G and F similarly to the line A C, and 
the divisions AG, GF, FB have the same ratio to one 
another as A D, D E, and E C have to each other. 
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In this way the line A B can be divided into any num- 
ber of equal or unequal parts, by setting off on the line A C 
the same number of parts in the proportions required. If 
the divisions on. A C are all equal, then those on AB will also 
be equal to one another ; if the divisions on A C are in any 
such proportion as the numbers 2, 3, 4, then those on 
A B will bear the same proportion to each other. 

19, To divide a given finite right-line in extreme and 
mean ratio. — Ijet AB (fig. 17) be the given Une; bisect 
it in C. Draw A E perpendicu- Fip. 17. 
lar to A B (3), and make A E 
equal to AC. Join EB, and 
produce E A to D, making E D 
equal to E B. On A B cut off 
A F equal to A D, and the point 
F will divide the line A B as 
required ; or, we have : 

AB : AF : : AF : B F. ' 

20. To produce a given finite right-line so that the whole 
line thus produced shaU. be divided in p; jg, 
eid}'eme and mean ratio by the end 
of the given line next the produced 
part— Let AB (fig. 18) be the 
^ven line, bisected at C. Draw 
C D at right angles to A B, and make 
CD equal to A B. Join AD, 
and produce A B to E, making C E 
equal to AD. Then the line AE 
is divided in extreme and mean ratio 
by the end B of the given line A B ; 
or, we have : 

A E : A B : : A B : B E. 
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21. DBnKiTioifB. — A given right line, as A B (fig. 19) is 
said to be harmonically divided, when two points C and D, 
one within the line, and the other in the line produced, 
are so placed that A C : C B : : A D : DB. C D is called 
an harmonic mean between A D and B D. 
ZZ. To divide a given right-line harmonically. — Let 
Fip. 19. A B (fig. 19) be the 

given line divided at 
the point C ; it is re- 
quired to find the point 
D, in A B produced, 
so placed that A D : 
DB :: AC : CB. 
On A B construct 
any triangle A E IJ, and join E C. Take any point O upon 
EC, and draw BOF, cutting AE in F. Draw AOG 
cutting BE in G. Through F and G draw a line cutting 
AB produced at the pointD; then AD: DB : : AC : 
C B ; or A B is harmonically divided by C and D. 

Rectilinear Figures. 

Z3. Definitions. — A figure is a portion of surface en- 
closed on all sid&s by a line or Unes, which is termed the 
boundary or perimeter. When the boundary consists of 
straight lines it is a rectilinear figure, which cannot be 
formed by less than three straight lines. A plane surface 
enclosed by three right lines is called a triangle or trilateral 
figure i a triangle which has two equal sides is termed 
isosceles ; and if all three sides are equal it is an equi- 
lateral triangle ; when one of the angles is a right angle 
it is called a right-angled triangle, as A O D (fig. 1) ; if one 
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angle is greater than a right angle, it is an obtuse-angled 
triangle, as A C (fig. 1) ; and if each of the angles is less 
than a right angle, it is an acute-angled triangle, as A O B 
(fig. 1). No triangle can have more than one right angle, 
and the sum of the three angles of every triangle is always 
equal to two right angles. In every triangle the sum of the 
lengths of any two sides is greater than the length of the 
third side. 

A figure formed by four right lines is termed a quadri- 
lateral Jigure, and the straight lines which join the opposite 
comers are called diagonals^ as A D and B C (fig. 29), which 
are the diagonals of the figure ABDC. An irregular 
tjuadrilateral figure, having all the «ides of different lengths, 
is called a ti^apeziuin. A parallelogram or rhomboid is a 
quadrilateral figure, having the opposite sides equal and 
parallel, as ABD C .(fig. 29), and if all the sides are equal 
it is called a lozenge or rhombus, A quadrilateral figure in 
which all the angles are right angles is termed a rectangle 
or oblong^ as A B F E (fig. 29), and when all the sides are 
also equal it is a square (fig. 27). A rectangle whose ad- 
jacent sides are equal to two given lines is called the rect- 
angle under those lines, thus ABFE (fig. 29) is the rect- 
angle under A B and A E. A square having its side equal 
to a given line AB (fig. 27), is called the square upon AB. 

A regular polygon is a figure having all its sides equal, 
and all the angles made by those sides with each other also 
equal, so that a circle can be drawn through all its angular 
points. 

The area or amount of surface contained in any figure is 
measured' by the number of square units, or squares of a 
given size, which it covers^ The finding of areas of various 
figures belongs properly to the science of * Mensuration.' 
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Fig. 20. 




Two rectilinear figures are said to be similar when the 
angles in one are severally equal to the angles in the other 
and the sides about the equal angles are proportional ; thus 
the triangles BAD and C A£ (figs. 13 and 14) are similar. 
24. To construct an isosceles triangle, of which two un- 
equal sides are given. — Draw a straight line, A B D (fig. 20), 
and take A B equal to the given 
base of the triangle, A. D equal to 
one of the given equal sides. From 
A and B as centres, and with A D 
as radius, describe circles cutting 
each other in the point C ; join 
AC, BC. Then ACB is the isos. 
celes triangle required, having its 
two legs A C and B C equal to one 
another. 

£B. To construct an isosceles triangle in tchich each angle 
at the base is double that at the vertex. — First, when the 
length of the equal sides is given. 

Let AB (fig. 21) be the given length of one of the sides. 
Divide A B in extreme and mean ratio (19) at the point C. 
From A aa a centre, and with 
A B for radius, describe a circle ; 
and from B as a centre, with 
A C for radius, draw an arc 
cutting the circle in the point D. 
Join AD, BD; then BAD is 
the triangle required, each angle 
at B and D being double the 
angle at A. 

Secondly, when the length of the base only is given. 
I^et AC be the givenlength of the base. Produce AC 



Fig. 21. 




THE STRAIGHT LINE. 



17 



to B SO that the line AB shall be divided at C in extreme 
and mean ratio (20). From A as a centre, and with A B 
as radius, describe a circle ; and from B as a centre, with 
A C for radius, draw aa arc cutting the circle in the point 
D. Join B D and A D ; then B A D is the triangle required, 
having B D equal to A C, the given length of the base, and 
each angle at B and B double the angle at A. 

26, To c<mstruct an equUaieral-iriangle upon a given finite 
right liiie. — Let A B (fig. 22) be the given line. From A 
and B as centres, and with AB 

for radius, describe circles inter- '^' 

secting in the point C. Join A C, 
B C ; and A C B is an equilateral 
triangle, having A C and B C each 
equal to AB. 

The angles are also equal, being 
each of them two-thirds of a right 
angle ; hence in laying out an equi- 
lateral triangle on a lai^e scale it is best to construct thp 
two angles CAB and C B A, each equal to two-thirds of a 
right angle (60°), and the point C will be found. 

27. To construct a right-angled-triangle of which two 
sides are given. — First, let the 
given sides be those which in- 
clude the right angle. 

Draw two lines at right angles 
to each other (3), as A B, AC 
(%. 23); and make AC and 
AB equal to the given sides 
respectively. Join B C ; then B A C is the triangle required, 
having the right angle at A. The side B C which subtends 
or is opposite the right angle, is termed the hypotenuse, 
and is always greater than either of the other sides. 
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<#« 7V eoMlrwi a trimf^ cf rkiA tro sda and Ae 
imdaded am-jU are given. — Let 
I CAB (6g. 25) be the giveo 
I angle. Take AB and AC 
I equal to the given mdes re- 
spectivety, and join B C. 
Thai BAG is the triangle re- 
quired. 

SOa To construct a triangle of lehieh two angles and a 
Mills are given,^The eum of the given angles must be less 
limn two right angloa.) Krrt, let the base, as A B (fig. 25), be 
tli« given lido, and CAB, CB A the given angles adjacent 
til tliM haw, Construct the angles CAB, CB A, respectivetj 
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eqoil to the gna ai^fcstT); lEwo tEw Ernes BCattJ AC 
will meet at C vk£ ^^ tmo^-^ es icv>co^'-eii<fii. 

Secondlr, let the base AB (%. 2j>) and Hx a33^-» C AB» 
BCAbeliiegnrcnsn^fesyODeol' wiiieh BCA K*>ppoe*w 
the base cr gnren »de. CcMEtrudt the angle CAB •evjitail la 
one gnoi ai^e^aiid tlie ai^IeC AD equal to> tlt<e other (VX 
Draw BC parallel to AD (13X meeting AC in the pOAQt 
C; tbeai the ai^e ACB b equal (l&) tu the ai^e CAD, 
and the triai^e BAG is the one requiied. 

Anotho' method is to take any point F en AC amt ilravr 
FE, making the angle EFA eqoal to the given angle,, ami 
then drawing B C paxallel to E F. 

31. To amstniet a tritrngU of wAitrk Arw mt&f ami «» 
angle net mebided are ffivau — Diaw a right Hue as A G 
(6g. 26X and take AB equal fV-m 

to one of the givoi ades, BC 
equal to the other. At A 
make the angle BAD equal to 
the given angle (v), and from 
B ~ as a centre, with B C for 
radius, describe a circle cutting 
A D in the point D. Join B D, and the triangle B A D ia 
the one required, ha^ng B A and B D p,^ ^ 

respectively equal to the given sides, 
and B A D to the g^ven angle. 

3£. To consfy-uct a square upon a 
given right Hne. — Let A B (fig. 27) be 
the given line. Erect the perpendi;:ulars 
A C, B D (3), and make A C and B D 
each equal to AB. Join CD; thoii 
the figure A B D C is the square required, having ciii-h iiiilo 
equal to A B. 






.-.rrsii * AfwcT— ^^ ABC 
ZiZ- — > 3e ibe pnai txi- 
gT'rV- IrxT CD pexpen- 
"■■^"'ig' «r to AB, and 
r:xv C£ panlld to AB, 
TtaVrg CE cqnil to CD. 
7.T= AE far K i^t line 
.:=baBC«F. DiawFI 
pmZ^ to CD, and FO 
pvalLel to AB and catting 
ACatG: -irawiiH jttr*::^: :o CD. Tben FGHI is a 
square tn=cnbtii in ihe givoi nTtrg^e. 

3^ To o'/ri^iiv€t a f*iniiIi-'-:'iT<a>t* '*/ ffhvit tidts and ffwen 

angU.—hnw a right line A B Sg. 29) and coostnict the 

py.se. v^ CAB equal to the 

giTCT angle (t). Hake AB 

and AC eqnal respectively 

to the given ades, draw C D 

parallel to AB, BD parallel 

to A C (13) ; then the figure 

A G D B is the parallele^ram 

required. 

By drawing the diagonals AD and BC, the figure is 
divided into four triangles CAB, ABD, BDC, DC A, 
CHch of which is equal in area to one-half that of the 
parallelf^ram itself. 

If the lines AE, BF are drawn perpendicular to AB 
am) mut'ting CD in E and F, a rectangle A BFE is con- 
iti'ucted which is equal in area to the first drawn parallelo- 
grara, and tti double that of either of the triangles ACB or 
ADB. The perpendicular CHdropt upon AB is equal 
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to A E, and represents the height of the vertex of the tri- 
angle A C B above the base A B ; hence, when a triangle and 
a parallelc^ram are upon the same base and have the same 
vertical height, the area of the parallelogram is double that 
of the triangle. 

3S. To construct a square equal in area to the mm of the 
areas of two given squares. — ^Let AB and AC (fig. 30) be 
two lines drawn at right angles. Fig. so. 

Take A B and A C equal in length 
to the sides of the given squares 
respectively; join CB; then BC 
is the side of the square which 
equals in area the sum of the 
squares upon A B and A C. 

30. To construct a square which shall be equal in area to 
a given parallelogram. — Rg. 31. 

Let ABCD (fig. 31) be ; 
the ^ven parallelogram. 

Produce one aide A B to ! 
H, and-draw DEand CF | 
at right angles to A H (4). 
Then the rectangle C D E F 
is equal in area to the 
given parallelogram (34). 
Produce C P to G, making 
F G equal to F E ; bisect G in I. From I as a centre 
and with I G as radius, describe a circle cutting A H in the 
point H. Then the sqiiare constructed on the line PH 
will equal in area the rectangle C D E F, and therefore will 
be equal to the given parallelc^ram. 

37. Upon a given right line to conatruct a rectangle equal 
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in area to a given rectangle. — Let A CD E (fig. 32) be the 
given rectangle. Produce E A to B, 
making A B equal to the given line. 
Through B draw FBH parallel to 
CA (13), and produce DC to meet 
FH in P. Draw the diagonal FA 
and produce it to meet DE in G. 
Draw GKH parallel to EB, meeting 
FH in E. Produce CAtomeet GH 
in K Then the figure ABHK is 
the required rectangle equal in area 
to the given one and drawn upon the 
given Une. 

• 38. To construct a rectangU equal in area to a given 
■^ gg irregular rectilinear figure. — Let 

ABCDE (fig. 33), be the ^ven 
figure. Draw the linca B E, E C so 
as to divide the figure into triangles. 
Draw AF perpendicular to BE 
(4), BG and DH to EC. Con- 
struct (34) the rectangle P (fig. 34) 
having the side IK equal to AF, 
and the side K L equal to half the 
line E B ; then the area of P is equal to that of the triangle 
1^7.34. EAB. In the same manner 

construct a rectangle Q equal to 
the triangle EBC, and draw 
upon KL (37) a rectangle 
KLNM equal in area to Q. 
Draw a rectangle R equal to 
the triangle EDO and construct upon MN a rectangle 
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equal to B. Then the whole rectangle I T is equal in area 
to the given figure. 

39. To construct a rectilinear figure of a given irregular 
form. — ^Let ABODE (fig. 33) be the given figure, as for 
example, the plan of a field. In order to lay this down on 
paper we must not only measure the sides AB, BC, &c., 
but also the diagonals £ B, E C. First draw one of the 
sides as A B, then from A as a centre, with A E as 
radius, describe a circle ; and from B as a centre, with B E 
as radius, describe an arc cutting the circle in E; then 
the positions of two sides AB and AE are fixed. Next, 
firom E as a centre, with E C as radius, describe a circle ; 
and from B as a centre, with B C as radius, draw an 
arc cutting the last circle in C : join B C. From C as a 
centre, with C D as radius, describe a circle ; and from 
E as a centre, with E D as radius, draw an arc cutting 
the last circle in D ; join CD, ED, and the figure is com- 
pleted. 

In this maimer the outline of any irregular figure can be 
laid down by dividing it into as many triangles, less two, 
as the figure has sides. 

40. To divide a given finite right line into two parts, so 
that the rectangle under the whole line and one of the parts 
shall be equal in area to the square upon the other part.^ 
Let A B (fig. 17) be the given line. Draw E A D at right 
angles to A B (3)* Bisect A B in C and make A E equal 
to AC ; join EB, and make EAD equal to EB. Cut off 
A F equal to A D, and the rectangle under A B and B F is 
equal to the square on A F. 

41. To produce a given right line so that the rectangle 
under the whole produced line and the part produced shall 
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be equal in area to the square upon the given line. — ^Let A B 
(fig. 18.) be the given line. Bisect AB in C and draw 
C D at right angles to A B (3), making C D equal to A B. 
Join A D, and produce A B to E, making C E equal to A D. 
Then the rectangle under A E and E B is equal in area to 
the square upon A B. 

4Z. To construct a regular pentagon, or figure of five 
aides, the length of a side being given. — ^Let A B (fig. 35) 
be the given side. On AB 
construct (ZS) an isosceles tri- 
angle ACB in which each 
angle CAB and CBA is 
double the angle ACB. Bisect 
the sides of the triangle in the 
points P, Q, R ; and draw the 
lines PO, QO, BO, at right 
angles to the sides respec- 
tively. These perpendiculars 
will all meet in one point .0. 
Join OC, and from as a centre, with 00 for radius, 
describe a circle, which will pass through each vertex of 
the triangle ABC. Produce OQ and OR to meet the 
circle in E and D. Join CD, CE, EB, AD; then the 
figure ABECD is the pentagon required, each ^de being 
equal to A B. 

The ratio of A B to P is very nearly as 1 : '688, and 
that of A B to B G is very nearly as 1 : 1-618. 

43. To construct a regular decagon, or figure of ten sides, 
M« btng^ of a side being given. — Let AB (fig. 36) be the 
given side. Construct (ftS) upon A B an isosceles triangle 
A O B having each angle A B and B A double the angle 
AOB. From O as a centre, with OA as radius, describe 




TH£ STKAieUT U.\E. 



25 




a drde. Produce AO and BO to meet the aide in C 
and B, and bisect the angles 
DOAand C0B(8)bythe "" " 

diameter EOF. insect each 
angle COE, EOB, AOF, 
FOD, by the diameters 
TOK and HOG. Join all 
the points where these dia- 
meters meet the circumfer- 
ence by the lines CI, IE, 
EH, HB, &c., and the re- 
quired decagon is completed, 
having each side equal to 
AB. 

The ratio of A B to B ia very nearly as 1 1-618. 

44. To construct a regular hexagon, or figure of six 
sidesy the length of a side being given. — Let AB (fig. 37) be 
the given side. On AB ■« 07 

(26) construct an equila- 
teral triangle A O B ; and 
from as a centre, with 
O A as radius, describe a 
circle. Produce AO and 
B O to meet the circle in 
D and E ; and from A 
and B as centres, with A 
as radius, draw arcs cut- 
ting the circle in C and F. 
JoinBC, CD, DE, EF, 
FA, and the hexagon is completed, each of these lirit'd 
being equal to A B. 

It is evident that A is equal to A B. 





4Ai Ti c: -.^-vs * r^/i^sT m^st i. iJt Jtgttrt of eight 
tvi/a, tM Ur,/A :' a fii> ■•ri'-: cvpol. — let A B (6g. 38) be 
fi^^_ '-^ fcngtli of the given 

I sie. Dnv A C at right 
tz^ja to AB, and bi- 
sect the ai^le BAG by 
tbeline AD(8). Bisect 
the ai^e DAB bjr the 
line A E, and &om A as 
oentze, with AB as 
I a ndioa, diaw a circle 
cutdng A E in the point 
K From E as a centre, 
' with EA for radius, de- 
Bcribe a circle cutting A D in the point D. Jain E D 
and A D. Draw DOE parallel to A B intersecting A C in 
the point O. Through O draw FOG parallel to AD. 
From as a centre, with O A for radius, describe a 
circle passing through A, E and D. Draw the diameter 
E H and join all the points where the diameters meet 
the circle by the lines D G, G C, C H, &c., and the required 
octagon ia completed, each side being equal to AB. 
The ratio of A B to A O is nearly as 1 : 1-307. 
A9m To construct a dodecagon, or Jigure of twelve sidesy 
the length of a side being given. — I^et A B (fig. 39) be the 
given side. Erect the line BD (3) at right angles to AB, 
arid from B as a centre, with B A for radius, describe 
a circle cutting BD in the point D. Divide the right 
aiigluDIlA into twelve equal parts { '), and take DBE 
viiual to two of tliosc parts. Bisect A B in C, and draw the 
lliio 00 pcriwndicular to AB meeting BE in 0. From 
»> H vontrc, with O A or O B as radius, describe a 
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circle through B and A. Produce A and B O to meet the 
circle . in K and L. From A and K as centres, with 
OA for radius, describe arcs cutting the circle in P, F, 
H and M. Draw G N at right angles to A K, and bisect 



Fig.»9. 




the angle AOP by the line QOI. Join all the points 
B, F, G, H, &c., upon the circle, and the dodecagon will be 
completed, having each side equal to A B. 

The ratio ofAB to A O is nearly as 1 : 1-932. 

In the same manner we can construct a regular polygon 
of any ^ven number of sides, provided that given number 
is some product of 3 into a power of 2. The right angle 
ABD must be divided (•) into the same number of parts 
as there are to be sides to the figure, and the angle D BE 
taken equal to two of those parts ; then the point where 
B E meets the bisecting perpendicular C O will be the centre 
of the cirGumscribing circle. Then from A and B as centres, 
with A B for radius, describe arcs cutting the circle in 
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Q and F, and so proceed round the circle until all the 
points where the polygon touches the circle are found* 

In this way a quindecagon or fifteen-sided figure can be 
constnu^ted ; for (XO) we can divide the right angle A B D 
(fig. 39) into fifteen equal parts. Take D B E equal to two 
of those parts and proceed in the construction the same way 
as for the dodecagon. 

For a figure of sixteen equal sides, we must divide the 
right angle A B D into eight equal parts (8) and take D B E 
equal to one of them. 

For a figure of twenty equal parts we must first divide 
the angle A B D into five equal parts (10) and bisect each 
of those parts, by which the angle will be divided into ten 
equal parts ; and DBE being taken equal to one of those 
parts the figure can be constructed in the manner above 
described. 
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47. Definitions. — A curve is a line made by the motion 
of a point the direction of which is constantly changing. 
A tiircle ia a curve produced by the motion of a point about 
a fixed point from which it is always at the same distance ; 
the fixed point about which the motion takes place is called 
the centre oi the circle, and the curved line thus produced 
is cdled the circumference. If a straight line or rod A 
(fig. 40) is made to revolve about one of its extremities 0, 
its other extremity A will trace Fig. 40. 

out a drcle, and the length 
O A is called the radius of 
cirde ; the line A B, which 
is double the radius, is called 
the diameter of the circle. 
If . a line A T is drawn at 
light angles (3) to A(), at 
the outer end of any radius, 
AT is called the tangent to 
the circle, which it touches without cutting. Any line as C D 
which is drawn across the circle but does not pass through 
the centre is called a chord. The part of the circle C E D 
cut off by the chord ia called an arc, and the space included 
between the arc and chord is cnlled a segment. If we draw 
the lines OC, OD, from the centre to the ends of the 




30 PRACTICAL GEOMETRY. 

chord the space included between those lines and the arc is 
termed a sector. The diameter A B divides the circle into 
two equal parts, each of which is called a semicircle. The 
perpendicular OF upon AB divides the semicircle into 
two equal parts A F, B P, called quadrants. CSrcles are 
said to touch each other when their circumferences meet 
at a point but do not cut one another, and the right line 
joining their centres passes through the point of contact. 
Two or miore circles are said to be inscribed in another circle 
when they touch its cihjumference on the inner or concave 
side, and also touch each other on the outer or convex side. 
Two circles drawn from the same centre but with different 
radii are said to be concentric. 

A rectilinear figure is inscribed in a circle when all its 
angular points, or vertices, are on the circumference of the 
cirde, and the circle is then said to be circumscribed about 
the rectilinear figure. A rectilinear figure is circumscribed 
about a circle when all its sides are tangents thereto, and 
the circle is then said to be inscribed in the figure. ' 

48* To draw a tangent at a given point of a. given circle.-^ 
Ijet (fig. 40) be the centre of the circle, A the given point 
on its circumference ; join A 0. At the poin:t A draw A T 
perpendicular to A ; then A T is the tangent required. 

49« To describe a circle of given radius touching a given 
circle in a given point. — ^Let (fig. 41) be the centre of 
the given circle, A the point on its circumference where 
the contact is to take place. Draw the radius A and 
produce it to Q, making AQ equal to the given radius. 
From Q as a centre, with Q A as radius, describe a 
circle which will touch the given one at the point A as 
required. 

If the given radius is less than that of the given circle^ 
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cut ■ off from A O the length A P equal to the given 
radius, and from F aa a centre, with FA bls radius, 




describe a circle whose convex side will touch the given 
one on the concave side of its circumference at the 
point A. 

If F is the centre of the given circle, and the given 
radius ia greater than F A, produce A F to O, making A O 
equal to the given radius. Then a circle drawn from O as 
a centre, with A as radius, will touch the given one on 
the convex side of its circumference. 

If A T is drawn perpendicular to A Q it will be the 
common tangent of the two circles which are in contact 
at A. 

50. To describe a circle through three given points which 
are not in the same right line. — Let D, C and F (fig. 41) be 
the three given points. Join C D and C F, and bisect C D 
and CF at E and B. Draw EO at right angles to CD, 
B at right angles to C F ; these will meet at the point O 
which is the centre of the required circle. Join C ; then 
a circle described from as a centre, with O C as radius, 
will pass through the three ^ven points. 

51. From a given point outside a giirni circle to draw 
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tanfjenta tftereto. — Let (fig. 42) be the centre of the given 
„ ^ circle, O A its radius, T the given 

point outside the circle. Join 
T ; then from O as a centre, 
with O T as a radius, describe 
another circle concentric with the 
given one. Let B be the point 
where OT cuts the ^ven circle, 
draw D B C at right angles to 
OB, and cutting the outer circle 
in D and C. Draw the lines O D, 
O C, cutting the given circle in E and A ; join T E, T A ; 
then T E and T A are the required tangents at the points E 
and A of the given circle. 
Another method. 

Let (fig. 43) be the centre of the given cirde, T the 
given point. Draw the diameter HO A and produce it to 
Fig. 43. T and B ; making T B 

|{ equal to T A. Bisect HB 
. C, and from C as a 
centre with C B as radius, 
describe a semicircle. 
Draw T D at right angles 
to H B, meeting the semi- 
circle in D : from T as a 
centre, and with T D for 
' radius, draw an arc, cut- 
tiiijr (he given circle in E and F. Join O E, O P, T E, T F ; 
tlu'u T E and T F are the tangents required. 

This solution depends on the property that the recbuigle 
under HT and T A is equal to the square on the tangent 
TE or TF, and als.» that the rectangle under HT and TB 
is equal to the st,iU!>re on TI> {Z9\ 
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82. To Jind any number of points upon an arc of a 
circle, the middle point and two extremities of the arc being 
given. — Let A and B (fig. 44) be the two extremities of the 
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arc, D the middle point. Join A B ; and bisect the chord 
A B in C ; draw D C which will be perpendicular to A B. 
Draw the chords A D, D B, and divide D B into any num- 
ber of parts by the points E, F, &c. From B as a centre, 
and with B A as radius, describe a circle A G H. Draw 
E G, F H parallel to D A, cutting the circle in G and H. 
From B as a centre, and with radius B E, describe a circle ; 
and from A as a centre, with G E as radius, draw an arc; 
cutting the last circle in P. Then P is a point on the: 
required arc. In the same manner from B as a centre, and, 
with radius B F, describe a circle ; and from A as a centre, 
with HF as radius, draw an arc cutting this circle in 
Q ; then Q is also a point on the required arc. In this 
way any number of points can- be found upon the arc of a 
circle when the centre is at too great a distance to be 
available ; the arc itself can either be drawn by hand or 
by help of a bent lath passing through all the points. 

This method is derived from the principle that all the 
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angles in the same segmeDt of a circle are equal ; for the 
angles ADB, AFB, AQB, are all equal. The mtaaia or 
curved outline of the shaft of a column or the contour of 
a. spire can be drawn on a large scale in this way. 

S3. To draw an arc of a circle by contintwus motion, 
when t/ie centre is not available. — Take two straight rulers 
of twice the length of the chords A D, BD (fig. 44), and 
fasten them t<^ether so as to make with each other an angle 
equal to A D B, their outer edges being applied to the chords 
A D, D B. Fix a pin at A and another at B against the 
outer edges of the rulers ; let a pencil be fixed at the vertex 
D, and as the rulers move backwards or forwards against 
the pins the pencil at D will mark out the arc of the circle. 

Another method. 

Let B C (fig. 45) be the chord of the arc., A G its height 
FV. 46. 




at the centre, E A D the tangent at A perpendicular to A G, 
and parallel to BC. Draw the chord AB, and take AD 
equal to AB; jom BD. Now let the triangle BAD be 
made rigid, and let it move about pins fixed at A and B ; 
then a pencil fixed at its vertex A will mark out the arc 
A F B as the triangle moves from right to left. So also by 
making the triangle move from left to right we can trace 
the arc A C. 

This method is based on the principle that if we take any 
point P in the arc A B, and draw the chords A F, B F, then 
the angle B F A equals the angle BAD. 
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S4. On a given right-line to describe a segment of a circle 
that shall contain a given angle. — Let C D (fig. 46) be the 
given line, making with C T ^^^ Fig- ^- 
the angle DOT equal to the ' 
given angle. Draw COG I 
perpendicular to C T, and 
draw D O, making with D C 
an angle O D C equal to the 
angle O C D. From O as a 
centre, and with O C or D 
as radius, describe a circle 
cutting C G in the point G; I 
join . G D. Then the angle C G D is equal to the given 
angle DC T. 

If we take any other points as F, H, on the circumference 
and join them with C and D, the angles C F D, C H D will 
be each equal to the angle C G D, or to the given angle 
DCT. The angle COD at the centre of the circle ia 
double the angle C G D, and double the angle DCT. 

If A B is the given line, and the given angle is a right 
angle, bisect A B in 0, and fix)m O as a centre, and with 
O A as radius, describe a circlci Take any point F on the 
drcle and draw the chords F A, F B ; then the angle A F B 
is a right angle. 

S8. From the extremities of a given right-line to draw 
two other lines in any directions meeting at right angles to 
each other. — ^Let AB (fig. 46) be the given line, and let 
B F be the given length of one of the other hues less than 
A B. Bisect A B in O, and from as a centre describe a 
semicircle on A B. From B as a centre, and with B F as 
radius, draw an arc cutting the circle in F ; join A F ; then 
A F B is a right angle. 



Fig. 47. 
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S9. To lay out an arc of a circle as a railway curve of 
given radius, byfnding points on the circumference. — ^Let 
AT (fig. 47) be the tan- 
gent to the proposed curve 
at the point A, O the 
centre of the circle. Sup- 
pose it is required to find 
points on the arc at dis- 
tances apart equal to a 
given length AT. From 
A as a centre, and 'with 
AT as radius, draw an 
arc TB, and construct 
the angle TAB equal to 
half the angle A O B at the centre of the circle. Then B 
is the first point on the ctirve. Make the angles BAG, 
CAD, DAE, each equal to BAT; and from B as a 
centre, with BA as radius, draw an arc cutting AC in 
C ; from C as a centre, and with C B as radius, draw au 
arc cutting AD in D ; from D as a centre, and with DC as 
radius, draw an arc cutting AE in E; then A, B, C, D, 
and E, are all upon the required ciirve. 

This method is based on the principle that angles which 
stand upon equal arcs of a circle and have their vertices on 
the circumference are all equal 

■7. To find arithmetically the radius of an arc of a 
circle of which, the chord and height are given. — Let B C 
(fig. 45) be the given chord whose length is known arith- 
metically, A G the given height. Bisect B C in G. Add 
tt^ther the squares of the lengths A G and B G, and divide 
the sum by twice A G, the quotient is the radius of the 
circle. For example, let B C equal 10, A G equal 2 ; 
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5 X 5 + 2x2=29, 2x2 = 4, 29 divided by 4 is 7J the length 
of the radius. 

58. To describe a circle touching a given right-line and 
passing through two given points. — First, let the line joining 
the two points be not parallel to the given line. Let E C 
(fig. 48) be the given hne, P and Q, the given points. Join 

K(f.48. 




P and Q, and produce PQ to meet the given line in C. 
Produce PC to G, making GC equal to C Q. On PG 
describe a semicircle, and draw C F perpendicular to P C, 
meeting the circle in F. Take C E equal to C F, and draw 
E X perpendicular to C E. Bisect P Ci in D, and draw D X 
perpendicular to P Q, and meet- pig'. 49. 

ing EX in the point X, Then 
the circle described from X as a 
centre, and with XE for radius, 
will touch the given line at E and 
pass through the points P and Q. 
Secondly, let the line joining 
the points be parallel to the given 
line. Let EC (fig. 49) be the 
given line, P and Q the given points. Join PQ, and bisect 
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I'ti III l>, Dniw 1)K perpendicular to PO.an^ yoD EP. 
HlntH'i. 1-; I' ill K, itiid draw FX perpendkxijjr n» EP- «eet- 
U\H l>IC ill X. Tiu'ii the circle described &um X as a 
ct'iitM', iiikI wiUi X K i'or radius, will touch the pxat Bne at 
tC mill piixH (lii-uii^li tliu ^iven points P and Q, 

■•« '/i' iif-Htritm a ciirle touching a given eircU, amd aiso 
(» t/M'i/t rii/ht liiif uutmie of it in a given point — -Let O 
(11(1. Mt) bo llio cfiitiT of the given circle, A B the givai 




\\W wlu'lt^v \'Ul.'iido K<i llnM-iivle, A the given point tfaere- 
\\\ I'lHW A V (>ri(H'ihUviilai' to the line AB, and also a 
(limm't^'f roh |«*»*IU-l to AF. Jwn DAandCA,pro- 
diu'iiiy; A i' lu uuvt the ciivle again at K Join EO, and 
(MX'khuH'KO (o mwt AFitiG; join ED, producing it to 
\mK^ .\ K i» K, Then O F is equal to G A or to G E ; and 
(\\n» K\ w* A wutre, with G A as radius, draw a circle which 
will touv^h the given viivle in £, and the giv«i line at the 
glwu piviut A. 

Ag«i». Vt AD cut the given circle at H; join OH, and 
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produce OH to meet AF in I. Then IH is equal to I A; 
from I as a centre, and with I A as radius, describe a circle 
which will touch the given circle at H and the given line 
at A. 

CO. To describe a circle of given radios which shall touch 
two given circles. — First, suppose the given circles do not 
intersect, their distance apart being not greater than the 
diameter of the required circle. 

Let A, B (fig. 51) be the centres of the given circles, 
Hg. 51. 




joined by the indefinite right line D F, which cuts the 
circumferences in C, M, N, and E. Take CD, E F, each 
equal to the given radius ; from A as a centre, and with 
A D as radius, describe a circle ; and from B as a centre, 
with B F as radius, draw arcs cutting the last circle in 
P and Q. Join the points A, P, B, Q ; then a circle drawn 
from either P or Q as centre, and with the given length of 
radius, will touch the given circles in G and H or in K 
and I. 
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Secondly, suppose the given circles intersect each other, 
and the required circle is to touch Uieir concave sides, its 
^ven radius being not 
greater than half the 
distance apart of their 
circumferences as mea- 
sured on the line join- 
ing the centres. 

LetA,B(6gs. 52,53, 
54) be the centres of the 
circles, joined by the 
line M N, meeting the 
circumferences in M and 
N. Take MC,ND each 
equal to the length of 
the given radius; from 
A as a centre, with 
circle, and from B as a centre, 
Fijr. 53. 




radius A D, describe a 




with radius B C, draw arcs cutting the last circle in P and Q. 
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Join the points A, P, B, 0, producing A P, A Q, B P, B Q, 
to meet the circles in F, G, H, and R Then a circle drawn 
from either P or Q as Pig. 64. 

centre and with the given 
length of radius will touch 
the given circles in E and 
F or in G and H; PF, 
P E, Q H, a G, being each 
equal to the ^ven radius 
.MCorND. 

Fig. 54 represents a 
Gothic arch struck from centres A, B, iu which the circle 
of radius equal to M or N D is inscribed. 

CI. To describe a circle through two given points and 
touching a given circle. — ^First, let the given points be 
outside the given circle. Let (fig. 55) be the centre of 

flK. 56. 





the given circle, P and Q the given points. Through P 
and Q, draw an indefinite right-line F P Q ; bisect P Q in 

A, and draw A B perpendicular thereto. Take any point 

B, on the perpendicular A B, as a centre, and describe a 
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circle that wUl cut the given circle in any two points C, D, 
and also pass through P and Q. Draw the chord CD, and 
produce it to meet the line through F F Q, in E. Find 
£ F a mean proportional (17) between E P and E Q, and 
from E as a centre, with EF as radius, describe a circle, 
cutting the given circle in H ; join O H. and produce O H 
to meet A B in J. Then a circle drawn from J as a centre, 
with J H as radius, will touch the given circle and also pass 
through the given points. 

Secondly, let the given points be within the circum- 
ference of the given circle. 

Let (fig. 56) be the centre of the given drcle, P, Ci, 
the given points. Draw through P and Q an indefinite 




right-hne; and bisect PQ in A. Draw AB perpendicular 
to P Q, and fix)m any point B therein describe a circle that 
shall cut the given circle in any points C and D, and also 
pass through the given points P and Q. Join C D, and 
produce D C to meet P Q in E. Find E F a mean pro- 
-nrtional (17) between E P and E Q, and from E as a 
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centre, with E F as radius, describe a circle cutting the given 
one ia H ; dtaw H O cutting A B in the point I ; then a 
circle drawn from I as a centre, and with I H as radius, 
will touch the given one and also pass through the given 
points. 

S2. To draw geometrical tracery in a Gothic arch. — 
Let B D A (fig. 57) be a Gothic arch springing from the 
Tig. 57. 




line A B, joining the centres E, F, from which the arcs 
B D, AD, are struck. Bisect A B in C, and draw C D 
perpendicular thereto. Take B M, A K equal to each 
other and less than half A B ; make M H, K G each equal 
to A P or B E. From Q and H as centres, and with G K, 
H M as radius, describe the arcs M N, K L. It is required 
to draw a circle which shall touch all four of the arcs, and 
have its centre on C D. 

Take B I equal to B E, and from E as a centre, with 
E I as radius, describe a circle ; draw a circle (61) passing 
through G and H, and touching the last-drawn circle in 
the point R ; this circle will have its centre at O on the 
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line CD. Draw the lines RO, HO, cutting the given 
arcs in T and P ; and from O as a centre, with O P or 
O T as radius, draw a circle, which will touch all four of 
the given arcs as required. 
Let the given arch ADB (fig. 58) be equilateral, A 




being the centre of the arc B D, and B that of the arc 
A B ; and suppose the line A B divided into three equal 
parts at K and M. Let G and H be Uie centres of the arcs 
MN, KL, having their radius equal to AB. Take C the 
centre of A B, and draw the vertical line C D. Measure 
M X equal to one-sixth of M B or to one-third of M C, and 
from A as a centre, with A X as radius, describe a circle 
cutting C D in 0. Draw H P cutting K L in P, and join 
j^ 69 A O, producing A to meet B D 

in T. Then a circle drawn from 
as a centre, and with OT or 
P for radius, will touch all the 
four arcs as required. 

Let the given arch ADB (fig. 59) 
be equilateral, and also the inner 
arches AFC, BEC; AB being 
bisected in C. Draw the vertical 
C T> ; bisect B C in X, and from A as a centre, with A X 
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as radius, describe a circle cutting CD in O, Draw the 
line APOQ meeting CF in P and BD in Q. Then a 
circle described from as a centre, and with OP or O Q 
as radius, will touch all four of the given arcs. 

63a To describe a circle which shall touch a given circle 
and a given right-line, and shall also have its centre on 
another given line. — Let (fig. 60) be the centre and D 
Pig. 60. 




the radius of the given circle ; A B the given line to be 
touched, P Qthe given line on which the centre of the circle 
is to be foimd. Let P Q cut A B in the point A. From 
O draw O D B perpendicular to A B, and produce it to C, 
making B C equal to O D. Draw C P parallel to A B, 
meeting P Q in P ; join P O, and produce P indefinitely 
to B. Take any point Q on the line P Q, and drop there- 
from the line Q¥ perpendicular to CP; from Q as a 
centre, and with Q F as radius, describe a circle cutting 
P R in R, and join Q R. Draw H X parallel to R Q, 
meeting P Q in S, and draw X G perpendicular to A B. 
Then a circle described from X as a centre, and with X G 
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or X H as radius, will touch A B at G and the given circle 
at H, as required. 

44* To describe a circle touching a given circle^ and also 
two given right-lines which are not parallel. — Let A K and 
A B (fig. 60) be the given lines meeting at the point A ; O 
the centre and D the radius of the given circle. Bisect 
the angle B A K by the line FAQ, then the centre of the 
required circle must lie upon this line. Find X the centre 
and X G the radius of the circle which touches the given 
circle and also the line A B at G (63) ; draw X K perpen- 
dicular to A K, and the circle drawn from X as a centre, 
with X G or X K or X H as radius, touches the two lines 
in G and K and the given circle in H. 



Inscribed and Circuuscribed Circles. 

6S. To inscribe three circles in an equilateral Gothic 
arch. — ^Let ADB (fig. 61) be the arch, having the arcs 




A D, B D struck from B and A as centres. Draw the 
horizontal springing line A B ; it is required to inscribe 
three circles in the figure A B D. 
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Bisect A B at C and draw the perpendicular C D. Bisect 
the angles A C D, B C D by the lines C X, C T (8). Draw 
A Q, B E perpendicular and equal to A B ; and draw 
E G P parallel to A B. Produce C X to meet G E in F, 
and cutting A G in H ; join B F. From H aa a centre, and 
with H G as radius, describe an arc cutting B F in I, and 
join H I. Draw B P parallel to H I and cutting C F in X ; 
take C T equal to C X and draw X Y, cutting C D in Q. 
Draw X L perpendicular to A B, and the circle drawn 
from X as a centre, with XPorXLorXQae radius, 
■will touch AB at L, C D at G, and AD at P. Also a 
circle described from T ns a centre, and with the samo 
radius, will touch C D at Q, and also the arc B D and the 
HneBA. 

We have now to draw the circle which shall toucli tho 
circles X and Y and also the arcs AD, B D. Produce B V 
(fig. 62) to K making P R equal to P X ; and from IJ as a 
centre, with B E as radius, ^ g^ 

describe a drcle E Z W. 
Find O on C D («l) the 
centre of the circle which 
passes through X and Y 
and touches the circle 
EZW in the point Z. 
Draw the lines XO,BO. 
Produce B to meet A D 
in E, and let X O cut the 
circle X at the point F. 
Then a circle drawn from 
O as a centre, and with E or OF as radius, will touch 
the arcs A D, B D, and also the two previously inscribed 
circles. 
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Fig.ea. 




•C To ingcribe three circles in an equilateral triangle. — 
Let A B C (6g. 63) be the tmngle. Bisect each side at 
D, E, P ; and join D B, 
EC, A P. The lines DB, 
E C, and A F will intersect 
in the point X, and the 
centres of the required 
circles will be found on 
these three lines. Bisect 
the angle A F B by the 
line F meeting B X in 
; and from X as a centre, 
with X as radius, de- 
scribe a circle cutting X A in P, X C in Q. Draw the lines 
OP, 00, PQ; letOQintersect AP in K, and the circles 
described from O, P, and Q, as centres, with K, or half 
O Q, for radius, will be inscribed in the triangle. 

•7. To inscribe, three circles in a given isosceles triangle. 
— In this case two only of the circles will be equaL Let 
Kg. 64. ACB (fig. 64) be the given 

triangle. Bisect the base 
A B at D and draw D C per- 
pendicular thereto. Bisect 
each angle CAB, CD A, 
CDB, CBA, by the lines 
AX, DX,BY, DY. Draw 
X Y cutting DC in M ; then 
the circles drawn from X 
and Y as centres, and with 
X M or Y M, for radius, will 
touch each other and the sides of the triangle. 

The centre of the tlurd circle will lie in the line D C. 
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Draw X N perpendicular to A C and produce it to T, 
making NT equal to NX Draw TH parallel to AC. 
Find on the line D C (88) the centre Z of the circle which 
touches T H at H, and abo passes Uirough the points X, Y. 
Draw Z H perpendicular to A C and cutting it at E. Join 
X Z, Y Z ; and the circle drawn from Z as a centre, with 
Z E or Z F or Z K as radius, touches the aides A C, B C of 
the given triangle, and also the two previously inscribed 
circles at the points F and K. 

68. In a given triangle to inscribe a circle. — Let ABC 
(fig. 65) be the given triangle. Bisect the angles CAB, 

Fig. 66. 




CBA by the lines AO, BO, meeting in the point 0. 
Draw D perpendicular to A B, and the circle drawn from 
O as a centre, with O D for radius, will touch each side of 
the triangle. 

69. In an equilateral triangle to inscribe a circle. — ^Let 
ABC (fig. 66) be the given triangle. Bisect any two sidea 
AC, BC by the points D and E. Draw BD, A E, inter- 
secting at O. Then the circle described from O aa a centre, 
and with OD or E as radius, will touch the sides of the 
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triangle. The point will also be the centre of the drcum- 
Hcribing circle of radius A. 

Fig. 66. 




70. In a given square to insctHbe a circle. — Let A B C D 
(fig. 67) be die givea square. Draw the diagonals AC, B D, 

Fig. 67. 




intersecting at O. Draw OE perpendiciilar to AB or 
parallel to A D, and the circle described from O as a 
centre, with O E as radius, will touch all the sides of the 
square. 
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71, Tn any regular polygon to tnncribe a circle. — Let 

ABODE (fig. 68) be the Piir.68. 

given polygon. Bisect any 

two adjacent sides as A E, 

AB atF and H. Draw 

FO, HO at right angles 

to AE and AB; these 

will meet at a point O. 

Then the drcle described 
from as a centre, and 
with F or O H as radius, 
will touch each side of the 
polygon. 
72. In a given square to inscribe four equal circles. — 




Fig.m. 



Let ABCD (fig 69) be the 

given square. Draw the dia- i 

gonals AC, BD, intersecting 

in 0. Draw EOG parallel 

toBC, and POH parallel to 
AB. In each of the four 
squares into which the figure 
is divided inscribe a circle 
(70), and the four circles will 
touch each other, and also the 
sides of the given square. 

73. In any given regular polygon to inscribe as many 
equal circles ds the figure has sides. — Let A B, B C (fig. 68) 
be two adjacent sides of the given polygon ABODE. 
Bisect the sides in H and G ; and draw H O, G O at right 
angles to A B, B C, and let them meet at 0. Join B and 
bisect the angle H B by the line H R, meeting O B in R ; 
draw K S perpendicular to H B. Then a circle described 
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from K as a centre, with R S as radius, will touch the lines 
H B, B G, G O, and O H, and will be one of the inscribed 
circles, proceeding in the same way at every comer of 
the figure, as many circles can be inscribed in it as the 
figure has sides or comers. 

74. In a given circle to inscribe three equal circles. — Let 
O (fig. 70} be the centre, AOB one of the diameters of the 
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given circle. Prom A and B as centres, and with O A as 
radius, describe arcs cutting Uie circle in C, D, E, F. 
Draw the tangent (*•} G B E perpendicular to A B, and 
also the diameters F C, E O D, produdng them to meet the 
tangent at the points G and K. Bisect the angle G B by 
the line G H cutting A B in H. From as a centre, and 
with H as radius, describe a circle cutting the other 
diameters in I and K ; join HI, IK, K H ; then circles 
drawn from H, I, and K as centres, with H B for radius, 
will touch each other, and also the given circle at the points 
B, E, and F. 

Having drawn the diameters AOB, EOD, FOC, we 
''nd the centres of the circles by measurement on a 
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scale ; for if the radius A- of the given circle measures 
on any scale 1,000, then B H will be 464 and H will be 
536. 

If it is required to draw three smaller circles touching 
the given one and the three inscribed circles, produce B A 
to L, making A L equal to H B. Draw L K and bisect it 
in M; let MN, the perpendicular to LK, cut the hne AB 
in N ; then a circle described from N as a centre, and with 
N A aa radius, will touch two of the inscribed drcles, and 
also the given circle at A. In the same way the other 
circles at C and D can be drawD with radii equal to A N. 

75. To inscribe six equal circles in a given circle, — Iiet 
O be the centre, AOB (fig. 71) a diameter of the given 
circle. Draw the tangent (48) Fijr. 71. 
GAH, and alao the diameters 
E O C, D F, dividing the circle 
into six equal sectors as in the 
last problem (74). Bisect each 
of the angles EOA, AOP by 
the lines G, O H, meeting the 
tangent in G and H. Bisect the \ 
angle OGHbyGK, cutting A I 
in K. From as a centre, with ' 
OK as radius, describe a circle cutting the diameters in 
the points, L, M, N, &c. Then circles drawn from the 
points K, L, M, &c., as centres, with KA as radius, will 
all touch the given circle and will touch each other. A 
circle drawn from as a centre, and with radius O S equal 
to KA, will touch each of the inscribed circles. The 
radius of each of the inscribed circlea in ooe-third that of 
the given circle. 

76. To inscribe twelve equal circles in a given circle. — 
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Let O (fig. 72) be the centre, AO the radiu3 of the given 
p- 72. circle. Divide the circle into 

twelve equal sectors as in the 
last problem (75), and bisect 
one of those sectors by the 
radiua O C ; draw the tangent 
(48) B C at C perpendicular to 
C, and bisect the angle C B 
by the line B D, cutting C in 
D. Bisect each of the other 
angles, and, from as a centre, 
with O D as radius, draw a circle cutting the radii in the 
points, E, F, G, &c. Then circles drawn from the points 
I), E, F, &c., as centres, and with D C as radius, will touch 
each other and the circumference of the given drcle. 

Taking the radius A as 1,000 on any scale, the length 
of the radius CD will be 206. 

77. To inscribe four equal circles in a given circle. — Let 

Fig. 73. EOF, GOH (fig. 73) be two 

diameters of the given circle, 

intersecting each other in the 

centre 0, at right angles to one 

another. Draw the tangent 

(*8) AFB parallel to GH. 

Bidectthe angles F G, F O H 

by the lines OA, OB cutting 

the tangent in A and B. Let 

OA cut the circumference at 

P; on FOtake FK equal to 

P-A, then the circle drawn 

ft\iiu K as a centre, with K F as radius, will touch the g^ven 

circle at F, and also the lines O A, O B. Then from O as 
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a centre, with K as radius, describe a circle cutting the 
diameters in L, M, N ; the circles drawn from these points 
as centres, and with F K or A P as radius, will be inscribed 
in the given circle. 

The point K can also be found by bisecting the angle 
OABbythelineAK. 

If the radius of the ^ven circle is 1,000 on any scale, 
then the length of A P or K F, the radius of each of the 
inscribed circles, will be 414, and that of OK 586, on the 
same scale. 

In order to describe the small circles touching the given 
circle and the ihscribed ones, draw KTR parallel to Q,H, 
and cutting A O in E. A circle drawn from R as a centre, 
with E P as radius, will touch two of the inscribed circles, 
and also the given one at F. Also a circle drawn frx)m O 
as a centre, with radius OS equal to RF, wUl touch all the 
inscribed circles. 

78a To inscribe eight equal circles in a given circle. — Let 
O (fig. 74) be the centre, C the radius of the given circle. 
Divide it, as in the last problem, 
(77) into eight equal sectors, and 
let A O B be one of these sectors, 
the angle AOB being bisected 
by OC. Draw the tangent CT 
(4S) perpendicular to OC and 
meeting OB in T. Bisect the 
angle OTC by the Une DT, 
cutting O C in D. Then a circle 
described from D as a centre, 

with D as radius, will touch the given circle at C, and 
also the lines AG, BO; this will be one of the required 
circles. Frnm O as a centre, and with OD as radius. 
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describe a circle cutting all the other diameters in E, F, G, 
&c., which will be the centres of the other inscribed circles, 
their radius being equal to D C. 

If C is represented on scale by 1,000, then the length 
of C D will be 277, and that of O D 723. 

79, In a given circle to inscribe Jive equal circles. — Let 
O (fig. 75) be the centre, BO A the diameter of the given 
p. _. circle. Construct the isosceles 

triangle B K (ZB), havibg each 
angle 0KB, OBK at the base 
double the angle BOK at the 
vertex. Draw the tangent BT 
at right angles to B 0, and pro- 
j duce OK to meet it at T. 
|-Bisect the angle 0TB by the 
line TM, cutting OB in M. 
' Then a circle described from M 
as a centre, with M B as radius, will be one of the inscribed 
circles required. Take KG, G J, J F, &c., each equal to 
E B, and draw the diameters through the points G, J, &c. 
From O as a centre, with O M as radius, describe a circle 
cutting these diameters in the points N, F, Q, R, which 
wdl be the centres of the other inscribed circles. 

If the length OA of the radius of the given circle is 
represented on any scale by 1 ,000, then that of each inscribed 
circle is 370, and of OM 630. 

60. In a given circle to inscribe ten equal circles. — Let O 
(fig. 76) be the centre and OA the radius of the given 
circle. Divide the circle into ten equal sectors, as in the 
last problem (79), and let AOB be one of those sectors. 
Bisect the angle AOB by the radius OC, and draw the 
tangent C T perpendicular thereto. Bisect the angle O T C 
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by the line T D, cutting C in D ; then the circle drawn 
from D as a centre, with D C for radius, will be one of the 
inscribed circles required. To 
find the others, bisect each of the 
other sectoi'8, and from O as a 
centre, with OD as radius, de- 
scribe a circle cutting the bisect- 
ing radii in E, F, G, &c. ; these 
will be the centres of the remain- 
ing inscribed circles, their radii 
being equal to DC. 

If the radius of the given circle 
is 1,000 on any scale, then that of each inscribed circle 
will be 236, and the length of O D is 794. 

SX. In a given circle to inscribe {approximately) seven 
equal circles. — The method of solving this problem is only an 
approximation, but sufficientlv 
true for most practical purposi 

Let O (fig. 77) be the centi 
AOB a diameter of the givi 
circle. Draw DOC at rig 
angles to AOB and produ 
it to X. Divide the radius in 
four equal parts and measu 
C X equal to three of tho 
parts. Divide AB into sevi 
equal parts at a, 6, c, <f, e, /. 
Through h dcftw X6E, meet- 
ing the circle at E. Draw the 
radius E and bisect the angle E O A by the Une H O ; draw 
T H the tangent at H perpendicular to H O, and produce 
E to meet it at T. Bisect the angle A T O by the line 
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T I, cutting H in I ; then a circle described firom I as a 
centre, with IH as radius, will be one of the inacribed 
circles required. To find the rest, take H P, PF, F B, «Stc, 
each equal to A E, and draw the diameters through H, P, 
F, &C. From O as a centre, and with 1 as radius, de- 
scribe a circle cutting the diameters in the points S, U, &c., 
which will be the centres of the other inscribed circles. 

If the radius of the given circle is 1,000 on any scale, 
then that of each inscribed circle will be 303, and the 
length of the radius O I will be 697, on the same scale. 

52. To circumscribe a circle cAout a given ^nangle. — 

Pi^.7a Let ABC (fig. 78) be the 

given triangle. Bisect AB 
in D and B C in E. Draw 
E O and D at right angles 
to BC and AB, and let 
them meet at the point O. 
Join OA. Then a circle 
drawn from as a centre, 
with O A as radius, will pass 
through the vertices A, B, C 
li of the triangle. 

53. To circumscribe a circle about any given regular 
polygon. — ^Let FHGIK (fig. 68) be the given polygon. 
Bisect the two adjacent angles K F H, F H G by the lines 
F O, H 0, meeting at O. Then the circle described from O 
as a centre, with F as radius, will pass through all the 
vertices of the polygon. 




Inscribed and Ciecumsceibed Polygor-s. 

84. In a given circle to inscribe a triangle similar to a 
iiiiten triar^te.—ljet ABC (fig. 79) be the given triangle. 



THE CIECLE. 



59 



O the centre, and D G the diameter (fig. 80) of the ^ven 
Fi^. 80. 
Fig. 79. ~ 





circle. Draw G E making with the diameter the angle 
D G E equal to the angle A C B. Draw the chord E D, and 
draw D F making the angle E D F equal to the angle BAG. 
Join EF, then the triangle DEF is similar to the given tri- 
angle, and is inscribed in the given drcle. 

as. About a given circle to circumscribe a triangle similar 
to a given triangle. — Let ABC (fig. 79) be the given 
triangle, and let be the centre (fig. 81) of the given circle, 

Fig. 81, 




M its radius. Produce A B to K and L ; at any point M 
draw tlie tangent to the circle Q M E at ri^ght angles to the 
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radius O M, and draw N making with M the angle M O N 
equal to the angle C B L (7). Draw the tangent S N R at 
right angles to the radius ON, and cutting QM£ in the 
point K. Draw OP making with ON the angle PON 
(Mjual to the angle KAC, and at P draw the tangent SPQ 
at right angles to P, and cutting It M Q in the point Q. 
Then the triangle SBQ is similar to the triangle ABC, 
and is circumscribed about the given circle. 

8C. In a given circle to inscribe an equilateral triangle. 
—Let O be the centre (6g. 82) of the given circle, D C a 




diameter. From D as a centre, with DO as radius, de- 
scribe an arc cutting the circle in A and B. Join A, B. C ; 
then A B C is an equilateral triangle inscribed in the circle. 
87. About a given circle to circumscribe an equilateral 
triangle. — Let be the centre (fig. 82), D C a diameter 
of the given circle. Produce D C to F, making C F equal 
to the radius of the drde. From the point F draw FOE, 
FHK tangents (51) to the circle at G and H. Draw 
K D E the tangent (48) at D, and cutting the other tan- 
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gents in the points E and X. Then K E F is an equilateral 
triangle circumscribed about the given circle. 

88. In a given circle to inscribe a square, — Let be 
the centre (fig. 67) of the given circle, E F a diameter. 
Draw the diameter GOH at right angles to EOF, and 
draw the chords EH, HF, FG, GE. Then GEHF is a 
square inscribed in the given circle. 

89. About a given circle to circumscribe a square. — ^Let 
O be the centre (fig. 67) of the given circle, EOF a 
diameter. Draw the diameter GOH at right angles to 
EOF; and draw AEB, DFC, tangents at E and F, 
parallel to G H. Also draw A G D, C H B, tangents at 
G and H, parallel to E O F. Then A B C D is a square 
circumscribed about the given circle. 

9Qm In a given circle, to inscribe a regular octagon or 
figure of eight equal sides. — ^Let be the centre (fig. 67) 
of the given circle, HOG, EOF two diameters at right 
angles to each other. Bisect the angles E G, E O H by 
the diameters 1 L, K M, cutting the circle in I, K, L, M. 
Draw the chords IE, EK, KH, &c., and the inscribed 
octagon is completed. 

91. About a given circle to circumscribe a regular octa- 
gon. — ^Let be the centre (fig. 67) of the given circle, 
ABCD the circumscribed square (89). From A, B, C, 
and D as centres, with A as radius, describe arcs cutting 
the sides of the square at P, Q, E, &c. Then the lines 
joining these points will form a circumscribed octagon. 

Another method is to draw the diagonals AC, BD of 
the circumscribed square cutting the circle in I, K, L, M. 
Draw tangents PQ, ES, &c., at I, K, &c., parallel to the 
diagonals, and the octagon is completed. 

9£. In a given circle to inscribe a regular pentagon or 
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decagon. — ^Let be the centre (fig. 68) of the given circle, 
OP a radius. Construct the isosceles triangle OFL (iSX 
having each angle at the base F L, O L F, double the 
angle FOL at the vertex. Then FL is one side of an 
inscribed decagon or polygon of ten sides. Take L K equal 
to L F and draw the chord F K, which is one side of an 
inscribed pentagon or figure of five sides. By drawing arcs 
from P and K as centres, with F K as radius, cutting the 
circle at H and I, we obtain two more points on the 
pentagon; and drawing the diameter LOG, we find the 
fifth point G. Draw the chords F H, H G, G I, I K, and 
the pentagon is completed. 

Bisect the angles FOH, HOG, GOI, lOK, by the 
lines M, N, &c., and the points L, F, M, H, N, &c., are 
the vertices of the inscribed decagon, and by drawing the 
chords F M, M H, &c., the decagon is completed. 

93. About a given circle to circumscribe a regular penta- 
gon or decagon. — ^Let be the centre (fig. 68) of the given 
circle, FOP one of the diameters. Construct the isosceles 
triangle F L, having each angle at its base F L double the 
angle at the vertex (25). Draw the tangent A F E at 
right angles to F, and produce L to meet it at E ; take 
F A equal to F E, and E A will be one side of the required 
pentagon. Draw the diameter LOG, and bisect the angles 
F G, L P by the diameter H Q. Join A O and pro- 
duce A to meet the circle at I. At H, G, and I draw the 
tangents A H B, B G C, C I D, each equal in length to A E ; 
and join DE. Then ABODE is the circumscribing pen- 
tagon or figure of five sides. 

To construct the circumscribing decagon, or figure of ten 
sides, draw tangents at L, M, N, P, and Q on the circum- 
ference, cutting the sides of the circumscribed pentagon, 
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and the figure thus formed will be the circiimscribiog de- 
cagon. 

94. In a given, circle to inscribe a regular hexagon, or 
Jigure of sue equal sides. — Let O be the centre (fig. 83), 
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A O D the diameter of the given circle. From A and D 
as centres, and with A as radius, describe arcs cutting 
the circle in B, C, E, and F. Draw the chords AB, BC, 
&c., and the inscribed hexagon A B C D E F is completed. 

•5* About a given circle to circumscribe a regular hexa- 
gon. — Let O be the centre (fig. 83) of the given circle, 
AOD a diameter. From A and B as centres, and with 
A as radius, describe arcs cutting the circle in B, C, E, 
and F. Draw the tangents to the circle (48) at the points 
A, B, C, D, E, and F, and let them meet at the points 
H, K, L, M, N, and P; then the figure HKLMNP wiU 
be the circumscribed hexagon. 

90. To inscribe in a given circle a regular dodecagon^ or 
jigure of twelve equal sides. — Let O be the centre (fig. 84) 
of the given circle, A OB, COD two diameters at right 
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angles to each other. From A, B, C, and D as centres, 
and with O A aa radius, describe arcs cutting the circle in 

Fifr. 84. 




E, F, G, H, &fi. Draw the chords A E, E F, F C, &c., and 
the dodecagon is inscribed in the given circle. 

97. About a given circle to circumscribe a regular dode- 
cagon — Let O be the centre (fig. 83) of the given circle. 
Construct the circumscribing hex^on (9S) HKLMNP, 
and draw the diagonals HM, KN, LP, cutting the circum- 
ference in a, 6, c, d, e,f. Draw tangents at the points a, b, 
&c., intersecting the sides of the circumscribing hexagon 
in the points g, h, i, i, &g., and a dodecagon ghikl, &c., 
will be circumscribed about the drcle. 

98, In a given circle to insaibe a guindecagon, or 
figure of fifteen equal sides. — Let O be the centre (fig. 85) 
of the given circle, A B a diameter. From A as a centre, 
and with A as radius, describe an arc cutting the circum- 
ference in C and H. Draw the chords CH, HB, BC; 
then B C H is an inscribed equilateral triangle. 

From C inscribe a regular pent^on (9£) CDEFG in 



THK CIRCLE. 67 

at A, dmw TP perpendicular to AT, and meeting the 
circle at the point P. The curvature of the circle is 
measured by the length P T as compared with the length 
AT, and is the same throughout every part of the same 
circle, A T being a fixed length. Also in two given circles 
of different radii, if A T is taken the same length in each, 
then P T will be proportional to the length of the radii of 
the circles. On account of this property that by varying 
the diameter of the circle it can be made to have any 
curvature we please, the circle is used to measure the 
curvature at any proposed points of other curves. 

The circle which at any point of a given curve has the 
same tangent and curvature as the curve is called the 
circle of curvature at that point, the curvatures being in the 
same direction ; and its radius is called the radius of cur- 
vature of the given curve at that point. 

If the given curve coincides for a short length of arc 
very nearly with the arc A P (fig. 40) of the circle, then 
A is the radius of curvature to the curve at A, and its 
length is found by dividing the squiire of the arc A P by 
twice the deviation PT. The length of the radius of 
curvature can be found by aid of the differential calculus 
for every point upon any given curve ; and by this means 
we are able to ascertain whether the curvature is increasing 
or decreasing, and whether the curve is concave or convex. 
When a continuous mathematical curve changes from con- 
cavity to convexity, the radius of curvature becomes in- 
finite at the point where the change takes place, which is 
called the point of contrary flexure^ the curve becoming 
nearly straight -about that point. As it approaches the 
point of flexure the curvature gets less and less, and the 
radius of curvature greater and greater. 

r 2 
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CHAPTER m. 

CONIC SECTIONS. 

lOZm Definitions. — The term Conic Sections is applied 
by mathematicians to three curves which can be obtained 
from a cone having a circle for its base, by cutting it with 
a plane surface ; the nature of the curve being determined 
by the direction in which the plane cuts the cone. Thus, 
if the plane cuts right through obliquely from side to side 
of the cone, the outline of the section so produced is the 
curve called an Ellipse, varying in shape according to the 
angle which the cutting-plane makes with the axis of the 
cone. Hence it is evident that any perspective representa- 
tion of a circle must be an ellipse ; for if we suppose the 
position of the eye to be the vertex, all the rays of light 
from the perimeter of the circle will form a conical surface, 
which being cut across by the plane of the picture, projects 
thereon an ellipse. 

When the cutting-plane above mentioned is made to 
cut through one side only of the conical surface in a 
direction parallel to the other side, the outline or curve 
which we obtain is called a Parabola. Of this curve 
there are no varieties, there being but one parabola, larger or 
smaller according to the scale to which it is drawn ; just as 
there is, mathematically speaking, but one circle. 

By making the cutting-plane pass through one side of 
the conical surface in a direction parallel to its axis, the 
curve called the Hyperbola forms the outline of the section. 
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We can obtain an infinite variety of hyperbolas by vary- 
ing the vertical angle or amount of slope which the cone 
possesses. 

In considering, however, these three curves, their con- 
nection with the cone may be entirely lost sight of, and 
they can be treated as curves whose proportions and 
properties have been discovered purely by mathematical 
reasoning. Upon no other subject connected with geometry 
has so much been written as upon the conic sections, being 
curves of great importance in almost all scientific investi- 
gations. We shall, however, in the following pages confine 
ourselves chiefly to the consideration of such properties of 
these curves as render them peculiarly suitable for applica- 
tion to architectural design. 

The Ellipse. 

103. Definitions. — An Ellipse is an oval-shaped curve 
entirely enclosing a surface as ABDE (fig, 87), and may 
be r^arded as a flattened circle. Its greatest length A B is 
called the major-axis^ and the greatest width B E the minor- 
axis ; these axes intersect at right angles in a point C called 
the centre. If from B as a centime, with A C as radius, a 
circle is drawn cutting the major-axis at S and H, each of 
those points is called ^ focus of the ellipse ; and it is a pro- 
perty of the curve that if lines S P, H P are drawn from 
the fod to any point P on the curve, the sum of the lengths 
of those lines is always equal to the length of the major- 
axis A D ; the line S B is called the radius-vector^ which 
may be supposed to be a moving rod having one end fixed 
at S and the other end always on the curve. When C B is 
nearly equal to C A, then S and H are near the centre ; 
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but if CB is much less tlian CA, S and H are near the 
extremities of the major-axis, and at a distance from the 



Ml 


H^5 


HI 


BP"^ 



centre ; consequently the ratio of C S to C A is called the 
eccentricity of the ellipse, which increases in quantity with 
its flatness, and decreases as it approaches nearer and 
nearer to a circle in form. A tangent is a straight line as 
PT, which touches the curve without cutting it ; a normal 
is a right-line as P N, perpendicular to the tangent at the 
poiut of its contact with the curve. 

104. To describe an ellipse of given length of axes by 
continuous motion. — Let A C D, B C E, be the given axes 
(fig. 87). Prom B as a centre, with AC as radius, draw 
an arc cutting AD in S and H the foci of the proposed 
elhpse. Fix pins at S and H, and attach thereto a string 
whose length, when tightened, is equal to A D. Tighten 
the string by means of a pencil round which it can move 
freely, and as the pencil moves from A towards B or E it 
will trace out the ellipse. The arc from A to B, or A to 
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E, is one-fourth of the ellipse, and is exactly equal and 
similar to the part from D to B, or from D to E ; the axes 
dividing the elKpse into four equal and similar parts. 

105. To find any number of points to the circumference 
of an ellipse of given axes, — Let S and H (fig. 87) be the 
foci of the ellipse, determined as described above (X03). 
Take any point X between C and S, and from S as a centre, 
-with AX as radius, descTibe a circle, and from H as a 
centre, with D X as radius, draw an arc cutting the circle 
in the point P, which will be a point upon the circumference 
of the required eUipse. Then by taking any number of 
points on the axis between C and S, we can find a corre- 
sponding number of points on the curve, in the same way 
as P is found. The curve can then be approximately 
drawn by hand through the points thus found, or by means 
of a straight-edge bent through the points. 

106. To draw an ellipse by help of the circumscribed 
circle^ the length of the axes being given. — Let A C D, B C E, 
be the axes (fig. 87) of the ellipse. From C as a centre, with 
C A as radius, describe a circle A F D. Take any point M on 
the major-axis and erect the ordinate ME, perpendicular to 
the axis, cutting the circle at JR. Draw the chord of the 
circle F E and produce it to meet the axis produced in ; 
draw E cutting M E at Q, then Q is a point on the re- 
quired ellipse. MQ is also a fourth-proportional (16) to 
CF, CE, and ME. In this manner we can find any 
number of points on the ellipse by drawing ordinates from 
the axis to the circle and finding a fourth-proportional to 
C F, C E, and the ordinate to the circle. 

The points on the ellipse can also be practically found by 
the use of two different scales. Let CD or C F represent 
100 on any scale, and let CE measure 100 on a smaller 
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scale ; then whatever M K, the ordinate of the circle, mea- 
sures on the first scale, the same will the ordinate M Q of the 
ellipse measure on the second scale. Any number of points 
can be thus determined with tolerable accuracy, and the 
ellipse may be drawn through them by hand. The points 
on the ellipse can also be found from those on the circle by 
help of a pair of proportional compasses set in the ratio of 
ACtoBC. 

107. To draw a tangent at any given point on an ellipse, 
by help of tfie foci, — Let S and H (fig. 87) be the foci of 
the ellipse, P the given point on the circumference. Draw 
SP, HP, and produce HP to Z, making PZ equal to PS; 
and join S Z. Bisect S Z at E, and draw P K T, which is 
the tangent to the ellipse at the point P. 

The tangents at A and D are perpendicular to the major- 
axis A D and parallel to the minor-axis B C E ; those at B 
and E are parallel to the major-axis A CD, and at right 
angles to the minor-axis B E. 

108. To draw a tangent at any point of an ellipse, by 
help of the circumscribed circle. — Let A F D be the circum- 
scribed circle (fig. 87) struck from the centre C ; Q the 
given point on the circumference of the ellipse at which the 
tangent is to be drawn. Draw the ordinate M Q £ at right 
angles to the axis A D, and cutting the circle at E. Draw 
E V the tangent to the circle at E (48), cutting the axis 
produced at V. Draw V Q which will be Uie tangent to 
the ellipse at Q. 

109. To draw a tangent to an ellipse from a given point 
on the major-axis produced. — Let V (fig. 87) be the given 
point from which the tangent is to be drawn. Draw any 
line VW, making an acute angle with V A, and take VU 
equal to the half-major-axis DC. Join CU, and draw 
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AW parallel to CU. Take CM equal to U W and erect 
the ordinate MQ at right angles to CM; then the line VQ 
will be the tangoit at the pCHnt Q. CM is the third pro- 
portional (IS) to CV and C A, or CV : C A :: CA : CM. 

110. To draw the normal, or perpftuUadar b> Ae iangent 
at any given point on an ellipse. — Let F be the ^ven pcnnt 
(fig. 87) on the ellipse, S and H the fod. Draw SF, HP, 
and produce HP to Z, nmlcing PZ equal to PS; join ZS, 
and draw PN parallel to SZ ; then PS is the normal at F 
and is at right angles to the tangoit P T (!•¥) at tliat point. 

The normal can also be drawn by bisecting the angle 
SPHbythelinePN. 

At the points A, B, D, E, the axes themselves are the 
normals to the ellipse. 

Whenever the ellipse is employed in architecture as the 
contom- of an arch, the directions of the joints of the 
voussoirs must be in the normals to the curve. 

111. To dram tangents to an eUipsefrom any given paint 

Tig. 88 




outside of it. — Let P be the ^ven point (fig. 88) outside 
the ellipse. From P draw three right-lines PGC, PFD, 
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PHE, cutting the ellipse in G, F, H, C, D, E. Draw the 
diagonals EF, DH, DG, OF, intersecting at X and Y. 
Draw the right-line A B passing through the points X and Y, 
and cutting the curve at A and B. Then the lines PA, PB 
will be tangents to the ellipse. In this way two tangents 
can be drawn from any given point outside thecurve. 

llfi. About a given ellipse to circumscribe a trapezium 
of which two opposite vertices are given. — Let P and Q 
(fig. 88) be the given vertices of the proposed trapezium, 
A B C D the given ellipse. Draw frona P by the last pro- 
position (ill) P !R, P 8, tangents to the ellipse ; also from Q 
draw QB, QS, tangents to the ellipse intersecting the 
former pair of tangents in the points K and S ; then the 
figure P R Q S will be the trapezium required. 

Fig. 89. 
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113. To approximate to the oudine of an ellipse by means 
of arcs of circles. — Let AD (fig. 89) be the major-axis, 
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B C the semi-minor-axis of the ellipse, S and H the foci. 
Find any number of points E, F, G, &c., upon the curve 
by the foregoing methods (105) and draw the normals 
(110) EL, FM, GN, &c., at those points. Let the 
normal at E intersect A C at L, and from L as a centre, 
with LA or L E as radius, describe an arc A E. Let the 
normal at F meet that from E at the point M, and from M 
as a centre, with M E or M F for radius, describe the arc 
E F. Let the normal at G intersect the normal at F in the 
point N, and from N as a centre, with N F or N G as radius, 
describe the arc F G. Proceeding in this way at the other 
points we can obtain a contour consisting of a number of 
arcs of circles varjdng in curvature which will form a near 
approach to the outline of an ellipse. 

The larger the number of points that are taken on the 
ellipse the nearer will the resulting curve appear to ap- 
proach to a true ellipse. 

114. Definitions. — ^Any line A B (fig. 90) drawn across 
an ellipse and passing through the centre (C) is called a 
diameter; if a second diameter DE is drawn parallel to 
the tangents FAG, H B I, at the two ends of the first, the 
two diameters are said to be conjugate. Any line drawn 
from one diameter to the curve and parallel to the other 
diameter is an ordinate. The tangents at the two ends of 
any diameter are parallel to one another. Each conjugate- 
diameter bisects every chord of the ellipse which is drawn 
parallel to the other conjiigate-diameter. 

The tangents at the ends of a pair of conjugate-diameters 
form a circumscribing parallelogram F G H I to the ellipse, 
which is always the same in area, and is divided into four 
equal parallelograms by the conjugate axes. Two lines 
drawn from a point on an ellipse to the extremities of a 
diameter are called supplemental chords^ as a E, a D. 
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lis. A pair of conjugate-axes being given to find points 
on the ellipse by means of the supplemental chords. — Let 
AB, DE {fig. 90) be the given axes, C the ceatre of 



Fig. 90. 




the ellipse. Divide AC, B C, into any number, as four, 
equal parts by the points 1, 2, 3. Also divide AF, BI, 
into the same number of equal parts, and join the points 
1, 2, 3, on those lines with the point D. From E draw- 
chords passing through the points on A C, B C, and cutting 
those drawn from D in a, b, c, which will be points on the 
perimeter of the ellipse. 

Another method. 

Let A B, D E (fig. 91) be the given axes, C the centre of 
the ellipse. Draw HAF parallel toDE, and make AF 
and A H each equal to D E. Draw F G parallel and equal 
to A B. Divide F G into any number, say four, equal parts 
by the points 1, 2, 3; also divide AH into the same 
number of equal parts, and draw lines to B from each 
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dividing point on A H. Through A draw lines from each 
of the points on FG intersecting the chords drawn from B 




in a, by c, wliich will be points on the circumference of the 
required eUipse. 

116. In a given parallelogram to inscribe an ellipse. — 
Let FGHI (fig. 90) be the given parallelogram. Bisect 
the sides in the points A, B, D, E ; and join D E, A B, by- 
lines intersecting at C, which will be the centre of the 
required ellipse, AB and DE being conjugate diameters. 
Proceed to find points on the circumference as before 
described (115), and draw the curve touching the parallelo- 
gram at A, B, D, and E. 

U7* Any pail' of conjugate diameters of an ellipse being 
given to find the axes. — Let AB, DE (fig. 90) be the given 
diameters, C the centre of the ellipse. Draw the tangent 
GET parallel to AB, and erect the line EK perpendicular 
to E T and equal to C B. Now find the centre of the circle 
which shall pass through C and K and have its centre on 
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the taogoit E T ; this ia done by joioiDg C K and bisecting 
C K at right angles bj the line O B meeting the tangent at 
0. Join O E, then from as a centre, with K as radius, 
describe a circle cutting the tangent in the points T and t. 
Join C T, C i, and these will be the directions of the axes of 
the ellipse, since BC is a mean proportional between ET 
and E t To find the points N and P where the axes cut 
the ellipse, join K T, K (, and on them take K n^ K m, each 
equal to K E. Draw n N, m P, paraUel to E C ; then C N, 
CP are the lengths of the half-major and minor axes of 
the ellipse. 

lis. To apply the ellipse to form the contour of archi- 
tectural mouldings. — Let it be required to draw an ovolo of 
which the tangent at one point D (fig. 92) is given, and 




also the greatest projection at A. Draw the vertical line 
A F, and also D C parallel to A P. Draw A C parallel to 
P D ; then C is the centre of the ellipse, C A and C D semi- 
conjugate diametera, and the ellipse can be drawn by points 
as described above (IXS)- 
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Other forms of the ovolo can be drawn by taking AC, 
BC (figs. 93, 94), aa the semi-axes, the flatness or round- 

Fift.M. 



Fig, 93. 




ness of the ciu^es being regulated by the ratio of CA to 
CB. 
The cavetto or hollow moulding (fig. 95) t»n be formed 

Kg. 96. 




out of a portion of an ellipse, C being the centre, C A and 
CB the semi-ases. 



. \KfT\'v,u *A an t-W.^*^ DAE. -j*. ■>?. 97) will *eiTe to 





fortn tlitj Bcction of a Gothic torus or base moulding, C 
Fl((. fw, being the centre of the ellipse 

C A and C B iU semi-axes. 

Two quadrants of different 
cHipses can bo employed, as in 
(ig. 98, to form a moulded Gothic 
Hlring-course ; C being the centre, 
and CA, CB the semi-axes of 
one ellipse; c the centre, and c a, 
cb the flcmi-iixcH of the other ellipse. 

In fig. 01) is shown how the ellipse can be applied to 
Fig. w. 
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form the sections of flutings for columns ; E B F being the 
outline of the fluting rather less than half an ellipse, whose 
centre is at C, and whose aemi-axes are C A, C B. 

119. To apply the ellipse to form the contour of leaf 
ornaments. — Let BD (fig. 100) be the 
axis of the leaf; draw AC, A'C in- ■ 
tersecting the axis at E, and making 
equal angles with it. Draw B C per- 
pendicular to A C, B C to A' C ; then 
AC, BC are the semi-axes of an 
ellipse, and A'C, BC those of an 
equal and similar ellipse. The ellipses 
B A D, B A' D can be drawn by either 
of the previous methods (104, lOS), 
and the contour of a leaf will be 
formed. 

Let PCi (fig. 101) be the axis of the leaf, QT a line at 
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right angles to QP. Let QT be 
the tangent to both the arcs of the 
ellipses, of which C and C are the 
centres, CA, CA' the semi-major 
axes, making equal angles with 
P Q ; B C, B' C the semi-minor axes. 
Then the contour of the leaf can 
be drawn as before, Q T being the 
tangent to both the elUpses at Q. 

In this way any variety of outline 
can be obtained for purposes of or- 
namentation. 

1£0. To apply the ellipse to form the entasis of a column. 
—Let BC (fig. 102) be the axis of the column, A C its 
half-diameter at base, BD the half-diameter at summit 
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Draw D E parallel to B C, then A E is the difference be- 
tween the top and bottom radii. 
From C as a centre, with C A as 
radius, describe a circle cutting 
DE at K. Divide BC into any 
number of equal parts at R, S, T, 
&c., and draw 110, SP, &c, at 
right angles to BC. Divide EK 
into the same number of equal 
parts as BC is divided into, at 
the points a, 6, c, &c., and draw 
aly bm, &C., at right angles to 
E K, and cutting the circle in the 
points I, m, &c. Through I, m, n, 
Sic, draw lines parallel to BC 
intersecting those through E, S, T, 
&c., at the points Q, P, &c. ; 
then Q, P, &C. will foe points 
upon the circumference of an 
ellipse, and the curve can be 
drawn by bending a straight-edge 
through them. 

1£1. To apply the ellipse to 
form the oudine of a Tudor arch. 
—Let A C, B C (fig. 103) be the 
semi-axes of an ellipse of con- 
siderable eccentricity, BC being 
greater than the vertical height 
of the proposed arch from the 
springing, and AC greater than 
its half-span. Draw A L at right 
angles to AC, and let AK or 
AL foe the height of the arch, 
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the given diameter, F G the given ordinate. Bisect A B in 
C. At F, draw F H at right angles to A B ; and from C as 
a centre, with C A as radius, describe a circle cutting F H 
in H. Take A I, equal to F H, and draw I K parallel and 
equal to F G. Draw DOE parallel to F G, join A K, and 
produce it to meet D E at D. Make C E equal to C D, and 
D E is the conjugate diameter required. 

123. To inscribe an ellipse in a given trapezium. — Let 
ABCD(fig. 105) be the given trapezium. Produce the 




sides to meet at the points F and Q. Draw the c 
intersecting at I. Through I draw PEIG, QFIH; then 
the ellipse will touch the sides of the trapezium at the 
points E, F, G, H. Bisect E G at T, and F H at V. Draw 
P V 0, Q T intersecting in O ; then O is the centre of the 
required ellipse. 

Join E 0, and produce E to K, making O K equal to 
O E. Then E K is a diameter of the ellipse, and H L, M F, 
drawn parallel to A D, are ordiuates. Therefore the con- 
jugate diameter can be found by help of the last proposition 
(1Z2), and the ellipse drawn by the method before de- 
scribed (US). 
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This method is of use in drawing a perspective represen- 
tation of a circle, the trapezium being the representation of 
a square circumscribing the circle. The point K is not 
necessarily upon the line B C. 

The Hyperbola. 

124. Definitions. — ^The name hyperbola is given to a 
class of curves which are not enclosed, or that do not 
enclose a space. These curves have two branches, as A L, A 2 
(fig. 107), each of which start from the same point, A, and 
go off to infinity ; the two branches are exactly alike, and 
are divided from each other by a right-line, C S, passing 
through the vertex^ A, of the curve, which is the point 
where the two branches meet ; this line, C S, is called the 
axis of the curve, and lines S L, S ^, drawn at right angles 
to the axis, cut the two branches of the curve at equal 
distances therefrom. The hyperbola has two foci^ S, H 
(fig. 106), and the point C, halfway between the foci, is 
called the centre. The ratio of the distance of the centre 
from the focus S, to its distance from tlie vertex A or 
C S : C A, is called the eccentricity of the curve, which is 
increased as A is moved towards C, and decreased as A is 
moved away from C ; thus (fig. 107) there are three hyper- 
bolas of different degrees of eccentricity, but having a 
common centre and focus. Any line drawn from the focus 
S to the curve, as S P (fig. 106), is called the radius-vector. 
Two lines intersecting at the centre C (fig. 107), and 
making equal angles with the axis CS, as CB, C6, to 
which the curve is continually approaching without ever 
reaching, are called asymptotes. When the asymptotes 
make a right-angle with each other, the curve to which 
they belong is called the rectangular-hyperbola. The ordi- 
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nate drawn through the fociia S, as SL (fig. 107), at right 
angles to the axis, is called the latas-rectum. Any distance 
measured along the axis, either from the centre C or the 
vertex A, is called an abffctssa. 

1Z5. To draw an hyperbola by continuous motion. — 

Draw a straight line, HCS (fig. 106), as an axis, and let 

Fid. loa. 




H S be the given distance apart of the foci, C the centre, A 
the given vertex. Between A and C take A X, equal to 
A S. Let a ruler, as H Q, be made to revolve about a pin 
at one end, H, in the axis ; and from H measure on HQ 
the length H Y, equal to H X. At Q, fasten a thread of 
length equal to (JY, and attach the other end to a pin at 
the focus S. Let the ruler lie upon the axis, and the thread 
be tightened by a pencil pressed against the edge of the 
ruler. Then, as the ruler revolves about the point H, the 
pencil keeping the thread tight will mark out the curve 
beginning at the vertex A. 

This met,hod is derived from the property of the hyper- 
bola that the difference between the focal distances of any 

point P on the curve are always the same ; that is, H P 

— S P is always equal to H X or H Y. 
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1Z0. To find any number of points upon the contour of 
a hyperbola^ whose vertex and foci are given. — Let H S 
(fig. 106) be the axis, H and S the givea foci, A the given 
vertex. Make A X equal to A S, take any point E on 
the axis to the right of the vertex A, and from S as a centre, 
with X E as radius, describe a circle ; also from II as a 
centre, with H E as radius, draw an arc cutting the circle 
at the point P, which will then be a point ujion the requJreil 
curve. In the same manner we can find any number of 
points on the curve, by taking difierent points along the 
axis (rem A, and Fig. 10". 

proceeding as lie- 
fore. Having found 
a sufficient number 
of points on the 
curve, we can draw 
the curve itself by 
hand, or by bend- 
ing a ruler through 
those points. 

1*7. To draw 
t/ie asymptotes of 
a hyperbola, whoxe 
vertex and foci are 
given. — Let H C S 
be the given axis 
(fig. 107), H and S 
the foci, C the cen- 
tre, A the given 
vertex. Draw 6 A It 
at right angles to 
A C, and from C as 




radius, describe 



» PRACTICAL OEOHETRY. 

a circle cutting 6 A B in the points B^ b. Draw the righU 
lines C B, Cb, which will be the asymptotea of the hyper- 
bola ^ A L. 

In the rectangular-hyperbola, A B is equal to A C, and 
the asymptotes make a right angle with each other at the 
centre 0. 

1£6. To find points on a hyperbola hy means of the 
asymptotes.— let C A (fig. 108) be the axis, CB, Cr the 

Rg, 108. 




asymptotes found as described above (127). Draw any 
line ^ A Q making an acute angle with the axis, and cutting 
the asymptotes in Q and q. Take Q P, equal to A 5', then 
P is a point on the hyperbola. So also by drawing any 
other lines through the vertex and intersecting the asymp- 
totes, we can find aa many points as we please upon the re- 
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quired curve, which can then be drawn m by hand, or by 
bending a ruler through those points. 

Having determined one point P on the part of the curve 
above the axis, we can find points on the part below by 
drawing any line, E P r, cutting the asymi)tote8 in E and r. 
Take rj?, equal to KP, then p is a point on the lower 
curve; and in the same way, by drawing other lines 
through P or A intersecting the asymptotes, any number of 
points on the lower curve can be found. 

The two portions of the hyperbola, alK)ve and below the 
axis, are exactly equal and similar, so that when one is 
drawn the other can be drawn from it. 

129. To draw any hyperbola by means of the rect- 
angular hyperbola. — Let C A (fig. 109) be the axis, C the 
centre, and A the vertex of the required curve. Draw A B 
at right angles to A C, and equal thereto, then the line C B 
is an asymptote of the rectangular hyperbola, and taking 
C S equal to C B, S will be one of its foci. Let C B' be a 
given asymptote of the required hyperbola, draw A B' at 
right angles to A C, and make C S' equal to C B', then S' is 
the focus of the required curve. Find points on the rect- 
angular hyperbola, as /, Z, Q, by any of the previous 
methods, and draw the ordinates, M/A, S/P, S'QL. 
Then, by taking MA : M/, SZ : SP, S'Q : S'L in the ratio 
of A B' : A B, we find corresponding points A, P, L, on the 
required curve. This can be done geometrically (16), or 
by using proportional compasses or a scale of parts. 

Suppose it be required to find points on the hyperbola 
from A to P, draw the ordinate S / P, which will be equal 
to A B' ; divide S / into any number of equal parts at 1, 2, 
3, &c., and also divide S P or A B' into the same number of 
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equal parts at 1, 2, 3, &c. Draw horizontal Hdcs through 
the (lividiag points on 8 f, as /2, meetiog the rectanguhir 




hyperbola at the point/; then an ordinate M/wUI, if pro- 
ducetl, meet the horizontal A 2 in the point A, which will be 
a point on the required hyperbola. 

130. To draiD anij hyperbola by means of a scale of 
park. — Let AX (fig. 110) be the axis, A the vertex of the 
iiyperbola. Measure tlie abscissaj by any scale from the 
vertex A, according to the numbers marked along the axis 
AX, or shown in the following table. Then by measuring 
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the ordinntes on the same scale, we obtiun poiiils upon the 
rectangular hyperbola. If we use a different scale for the 




ordinates to that used for the abscissas, we obtahi points 
upon any other hyperbola we may require. 
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Table of OrdinaUt of a Sectangular Hyperbola to the Correiponding 
Vulaea of AhacitMa. 



AbMine 


-- 


AbMum 


Oidinatei 


Absciwe 




10 


142 


000 


IMO 


2000 


8829 


20 


201 


800 


1407 


2162 


sooo 


fiO 


320 


1000 


1736 


2400 


3250 


100 


458 


nm 


2000 


2600 


8400 


200 


663 


1400 


2182 


2800 


80f!6 


800 


831 


1600 


2400 


3000 


8^73 


414 


1000 


1800 


sew 


3123 


4000 



131. To find points on the contour of a rectangular 
hyperbola. — Let C A (fig. Ill) be the axis, C the centre, 
Fi(f. 111. and A the vertex of the 

curve. Draw C Bat right 
angles to C A ; take any 
point B thereon, and join 
BA. Draw BP parallel 
to C A, and from B as a 
centre, with B A as radius, 
describe a circle cutting 
BP in P; then P is a 
point on the rectangular- 
hyperbola. 

By taking any number of points on the vertical C B, we 
can in the same manner find as many points as we please 
upon the required curve. 

13Z. To find points on the contour of any hyperbola by 
the nUer only. — Let C A (fig. 112) be the axis, C the centre, 
and A the vertex of the required curve. Take C B equal 
to CA. Suppose the curve is required to pass through a 
given point D ; draw D M at right angles to the axis, and 
draw Ail imrallel to MD, ED parallel to AM. Divide 
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ED and MD into tlie same niunber of equal parts by the 
points 1, 2, &C. Draw the lines B 1, B 2, &c., intersectiDg 
Fifr. lis. 




the Unes A 1, A 2, &c, in the points a, b, &c., which will 
\)e upon the contour of the required curve. 

133, To draw the tangent at any given point of a hyper- 
bola—Lei HC S (fig. 106) be the axis, H and S the foci, P 
the given point on the curve. Draw S P, HP, and produce 
HP to K, making PK equal to PS. Join SK, then PT 
drawn parallel to S K is the tangent at the point P. 

The tangent can also he drawn by bisecting the angle 
EPS by the line PT. 

Another way is to find C T a third proportional (x») to 
C M, and C A, P M being the ordinate at P perpendicular to 
the axis. Then T P will be the tangent at P. 

134. To draw a tangent to a hyperbola from any point 
upon the axis outside the curve. — Let T (fig. 106) be the 
given point on the axis, C the centre, A the vertex. Find 
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CM a third proportional (18) to CT and C A ; draw the 
ordinate M P at right angles to the axis, and meeting the 
curve at P. Then the line T P will be a tangent to the 
curve at the point P. 

138. To draw a normal at any given point on a hyper- 
hola. — Let P (fig. 106) be the given point on the hyperbola 
whose foci are H and S. Draw HP, SP, and take PZ 
equal to P S ; join Z S, and draw P n parallel to Z S ; then 
Pn is the normal at P, and is perpendicular to the tangent 
PT. 

Another way is to produce H P to K, making P K equal 
PS, joining KS, and bisecting KS at n, then Pn is the 
normal at P. 

It can also be drawn by bisecting the angle S P K. by the 
line P n. 

Whenever a hyperbola is used as the outline of an arch, the 
joints of the voussoirs must be in the normals to the curve. 

13S. To find the foci of a given hyperbola. — ^Let H A 
(fig. 112) be the axis of the hyperbola, C the centre, A the 
vertex, D a given point on the curve, M D an ordinate per- 
pendicular to A M. From C as a centre, with C A as radius, 
describe a circle. Find C T, a third proportional (18) to 
C M and C A, and draw the tangent T D, cutting the circle 
at the point I, Draw I S at right angles to T D, and cut- 
ting the axis at S ; then S is a focus of the hyperbola. To 
find the other focus, take C H equal C S, and H is the 
further focus of the curve. 

137. To approximate to the contour of a hyperbola by 
means of arcs of circles. — Let AC (fig. 112) be the axis of 
the hyperbola, A the vertex, S the focus, a, 6, c, &c., points 
found upon the curve by the previous method (132). 

Find the normals (138) at a, 6, &c., by taking a d equal 
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totea, S the focus ; then the curve P A Q can be drawn by 
any of the previous methods. 

Flir. 113. 




A pointed arch (fig. 114) can be formed by two equal 
arcs of a hyperbola meeting at the vertex B or 6, A D being 
Fifr. lU. 




the axis, and A or a the vertex of the curve ; when used as 
a stone arch, the voussoirs must have their joints in the 
directions of the normals to the curve (13»). 

Leaf ornaments (figs. 115, 116) can be formed by arcs 
of hyperbolas. Let C D be the axis of the leaf, dividing it 
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into two equal parts, A X the axis of a hyperbola, D A C 
(fig. 115) having its tangent DT at D perpendicular to 
C D ; this will form one side of the leaf^ and by reversing 
the outline we get the other side, D A' C having A' X' for 

Fitr. ]16. 



lij. 115. 


1 




its axis, A X and A' X' cutting C D at equal angles. Any 
variety of foim can be obtained ; thus the curve may be 
turned in at D (fig. 116), and not have its tangent at that 
point perpendicular to I) C. 



The Parabola. 

140. Definitions. — The parabola is a single curve, 
which is unenclosed, and consists of two equal branches, 
A a, A 5 (fig. 117), divided by a straight line, B A X, called 
the axis, which it cuts at right-angles in a point A called 
the vertex. It has only one focus S situate within the 
curve, and the double ordinate L S / is called the laius- 
rectum and is equal to four times the length of S A, so 
that S / or S L equals twice S A. 

If we produce the axis to B outside ihe curve, and take 
A B equal to A S, then a line B C drawn perpendicular to 
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B A is called the directrix ; aod if P is any point on the 
curve, and P K is drawn parallel to A B to meet the 
directrix at K, then P K is equal to P S. The line S P is 
called the radius-vector^ A M is the abscissa, M P the orrfi- 
nate of the point P on the cxm^e. The parabola differs 
from the ellipse and hyperbola in having no centre ; it may, 
in fact, be considered as an ellipse whose axis is of an infini- 
nite length. The curvature of the parabola is greatest at 
the vertex, and decreases as it recedes therefrom. 

141. To draw the parabola by continuous motion. — I*t 
B A X be the axis, A the vertex, B C the directrix, S the 

Kg. 117. 




focus ; A S being equal to A B. Fix a strdght-edge against 
B C, or let B C be the edge of a drawing-board, at right 
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angles to B X. Let a T-square C It move from the axis 
along B C, having a thread of length equal to £ C attached 
at one end to B, the other end being fixed to a pin at 8. 
If the string is kept tight by the point of a pencil pressed 
agjunst the T-square as it moves upwards or downwards 
from the axis, the pencil will mark out the parabola. 

142. To find points on the contour of the parabola. — 
Suppose the axis AM (fig. 118) and the vertex A to be 
given, and also a point F Fig. lis. 
through which the curve is 
to pass. Draw AB perpen- 
dicular to AM, F B parallel 
to A M. Divide A B into any 
number of equal parts by the 
points a, &, &c. ; and also 
divide B P into the same num- 
ber of equal parts at/, ^, &c. 
Draw the lines A/, A g, &c., 
cutting horizontals through 
a, ft, &c., in the points I, m, &c. : these will be points on 
the required curve. 

143. To find the lengths of ordinates to a parabola by 
means of a scale of parts. — Let A M (fig. 119) be the axis, 
A the vertex, S the focus. If we measure S A on any scale 
as 1000, then the ordinate S L will be 2000 on the same 
scale. The following table shows the relative proportions 
of the absdsssB and their corresponding ordinates : — 
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Table ofAbiciMa and Ordinatet of the Parabola. 



i.b«d«M 


OldilMtM 


AbMnuB 


OidinatM 


AbaciwB 


Oidiiuiua 


10 


200 


600 


1414 1 


6000 


4472 


20 


283 


1000 


2000 


6000 


4800 


fiO 


446 


1600 


24M 


7000 


6292 


100 


632 


2000 


2H2H 


8000 


6657 


135 


707 


3000 


3464 


9000 


6000 


2fi0 


1000 


4000 


4000 


10000 


6824 




144. To draw a tangent at any point of tlie parabola. — 
Let P (fig. 117) be the given point, draw the ordinate P M 
perpendicular to the axis AX Take AT on the axis 
produced outside the curve, equal to A M ; then T P is the 
tangent at the point P. 

Another method. 

Let S be the focus, join S P, and draw P K parallel to 
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A X ; bisect the angle S P K by the line P T, which is the 
tangent required. P T also bisects the line S K, P K being 
equal to P S. 

14S. From a given point on the axis outside Hie parabola 
to draw a tangent — ^Let T be the given point (fig. 117) ; 
take A M equal to A T, and draw M P at right angles to 
A M, meeting the curve at P ; then P T is a tangent to the 
curve. 

140. To draw a normal at any given point on the para- 
bola. — ^Jjet P (fig. 117) be the given point, AX the axis, 
S the focus. Join S P, and draw S Y parallel to the axis 
A X ; bisect the angle S P Y by the line P N, which is the 
normal to the curve at P, and is at right angles to the 
tangent P T. 

Another method. 

Let BKC be the directrix, perpendicular to the axis, 
A B being equal to A S. Draw K P parallel to the axis, 
and join S K. Then the normal is found by drawing P N 
parallel to S K, P K being equal to P S. 

The normal can also be drawn without finding the focus, 
by first drawing the tangent at P (***), and then drawing 
P N perpendicular to P T. 

Another method. 

Let M P be the ordinate at P, at right angles to the axis ; 
measure M N, equal to S B, or to twice S A, S being the 
focus ; then N is the point where the normal cuts the axis, 
and N P is the normal required. 

147. To apply the parabola to form the entasis of a 
column. — Let AB (fig. 120) be the given height of the 
column, A C the difierence between its radii at top and 
bottom. Draw B P at right angles to A B, and divide A B 
and B P into the same number of equal parts. Draw the 
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Fig. 120. 



lines A/, Ag, &c., cutting the lines al,bm, &c., perpen- 
dicukr to A B, in the points I, m, &c. These will be 
points on the required curve, through 
which it can be drawn by bending a 
ruler or lath. The curve thus drawn 
is part of a parabola (142), having A 
for its vertex. 

14S- To find the focus of a given 
parabola. — Let A X (fig. 117) be the 
axis, A the vertex, P a given point on 
the parabola. Draw P M perpendicular 
to the axis, and take AT, equal to 
A M. Draw the tangent T P, and also 
the line P Y parallel to A X. 

Draw the normal P N at right angles 
to FT. Draw PS, making with PN 
the angle S P N, equal to the angle 
N P Y ; then if P S cuts the axis at S 
that point is the required focus. 
Another method. 

Let Q be a point (fig. 117) upon 
the curve, draw X Q perpendicular to 
A X, and produce it to V, making X V 
equal to twice XA. Join AV, and 
let the line A V cut the curve at the 
point L. Drop the perpendicular L S 
upon A S, and S will be the focus of 
the parabola. 

X49. To apply the parabola to form the outline of a 
Tudor arch. — Let ABC (fig. 121) be the springing line of 
the arch, A M or A N the half span, M P or N Q its height 
at the vertex. Through P or Q draw the parabola A P Q, 
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having A for its vertex (142) ; then A P or A Q will form 
one-half of a flat-pointed or Tudor arch ; and by repeating 
the curve on the opposite side of the centre line M P or 
NQ we obtain the other half PB or QC of the arch. 
The joints of the voussoirs must all be in the directions of 
the normals (14«) to the curve. Take M V, equal to twice 

Kg- 121. 




M A, join A V, cutting the curve at b, draw b S perpen- 
dicular to A M, then S is the focus of the parabola (148). 

ISO. To approximate to the contour of the parabola by 
arcs of circles. — Find any number of points, a, b, &c 
(fig. 121) on the curve by one of the methods described 
above (142). Draw the normal at a (146), cutting the 
axis at the point p, and from p as a centre, with p A or pa 
as radius, describe the arc A a. 

Draw the normal at b, meeting the normal ap in the 
point g, and from j as a centre, with ga or qb as radius, 
describe the arc a b. Proceeding in tliis way, we can draw 
a number of arcs of circles gradually increasing in radius, 
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which will approximate to the form of a parabola ; and the 
larger the number of points taken, the nearer will the re- 
sulting curve approach to the contour of a parabola. 

ISla Applicadan of the parabola to mouldings, archi- 
tectural omamentSy and other purposes. — The parabola can 
be made available to form the outline of a classical ovolo, 
ae Q A F (6g. 122), A X being the axis. Drawing A B at 

Kg. 129. 




right angles to the axis, and B P parallel thereto, we can 
find any number of points on the curve by the previous 
method (142). 

The parabola can also be used for a variety of orna- 
mental purposes where curved lines are required, as in a 
leaf (fig. 123), of which C D is the axis, D T the tangent at 
D perpendicular to CD. Then DAC, DA'C are two 
similar arcs of the parabola, having A S, A' X' for the axes 
making equal angles with C D, and D T for their common 
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tangent. Other forms of leaf can be obtained in the same 
way, as shown in figs. 124, 125. 

nK.124. 
Fig. 13S. 




If the axis of a parabola is placed vertical so as to have 
the vertex A (fig. 117) for its highest p. jgs. 

point, this curve will represent the 
path which a projectile would take 
when discharged at any angle to the 
horizon less than a right-angle, the 
resistance of the air being entirely 
ignored. The line of discharge is a 
tangent to the parabola, and the 
greatest range is obtained on a 
horizontal plane when that line 
makes half a right-angle with the 
horizon. 

If the axis of the parabola is 
placed vertical, with the vertex A 
(fig. 117) for its lowest point, the 
curve will be that of the chain of a suspension bridge in 
which the vertical load is uniformly distributed along a 
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horizontal roadway, forming a tangent to the curve at its 
vertex. 

The Catenabt. 

IBX. Definition. — When a chain or flexible cord is sus- 
pended from two points, A and B 
(fig. 126), in the same horizontal 
Hne, the curve ■which it takes is called 
a catenary. This curve has its greatest 
curvature at the lowest or middle 
point C, and the tangent C T is parallel 
to AB. 

153* To apply tfie catenary to 
form the entasis of a column. — Bisect 
A B (fig. 126) in D, and draw D C 
at right-angles to A B. Ijet D C 
represent the difference between the 
top and bottom radii of the column, 
B D its vertical height. Take A D B, 
equal to twice B D, in a horizontal 
position on a vertical board ; and let 
a chain be suspended fix)m the points 
A and B so as to hang down a 
distance equal to D C fixjm A D B. 
Then by marking the outline of the 
chain C F D on the board, the entasis 
or curvature of the column is ob- 
tained.. 

1B4. To apply the catenary to 
form the entasis of a spire. — Let 
A B (fig. 126) represent the slant 
side of the spire if straight, or the 
chord of the proposed curve ; D C 
die amount of deviation from the straight line which is re- 
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quired, and which is always very small in comparison with 
the length of A B. Place A B horiizontal upon a vertical 
board, and allow a chain to hang vertically from A and B 
to the distance D C, and the outline of the curvature re- 
quired can be obtamed as before. 
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CHAPTEE IV. 

CURVES OF FLEXURE. 

1M» Definitions When a curve, after bending in one 

direction, makes a bend in an opposite direction, like the 
letter S, it is called a curve of flexure ; and the point at 
which the change of direction takes place is called the paint 
of contrary 'flexure. In all true curves of flexure the curva- 
ture decreases as we approach the point of flexure, or the 
length of the radius of curvature (101) increases and be- 
comes infinite at that point, the centre of curvature passing 
over to the opposite side and its distance gradually de- 
creasing as we recede from the point of flexure. The Har- 
manic-curve^ or curve of sinesj consists of a series of equal 
undulations or waves, and is the curve in which a musical 
string vibrates when sounded. It is called the curve of 
eines from the fact of its ordinates being proportional to 
the trigonometrical sines of the abscissae. 

The Lemnincate is a curve having the form of a figiu^e oo, 
the point of contrary-flexure being where the curve crosses 
itself. 

Thb Harmonic-Cukvb. 

156. To find points on the contour of the harmonic-curve. 
— ^Draw a horizontal line or axis AB (fig. 127), and draw 
D at right angles to A. Take D equal to the given 
height B C, to which the curve is to rise above the axis, and 
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from as a centre, with D as radius, describe a circle 
cutting the axis at A. Take A B equal to the development 
into a straight line of the quadrant A D ; make BE, E F, 
F G, each equal to A B. Then A G represents the develop- 
ment of the whole circle. Divide the quadrant A D into 
any number of equal parts at IC, L, &c. ; and also A B into 
the same number of equal parts at H, I, &c. Draw ver- 
ticals at H, I, &c., cutting horizontals at K, L, &c., in the 
points P, Q, &c., then these will be upon the required 
curve ; and for every point on the quadrant of the circle 
we can jBnd a corresponding point on the curve. The hori- 
zontal D C will be a tangent to the curve at C, and the 
part of the curve CE is an exact repetition of C A, so also 
is E V and V G ; so that, having drawn the part A C, we can 
obtain any number of undulations. 

The curvature is greatest at the vertex C, and decreases 
towards A, at which point the radius of curvature becomes 
of infinite length, A being a point of contrary-flexure ; so 
also are the points E, G, and any other point where the 
curve cuts the axis. 

157. To find points on the hamionic-curve by a scale of 
parts. — ^Take FG (fig. 127) as an axis, and draw F V at 
right angles thereto. Measure F V equal to 1000 on any 
scale, and FG equal to 1571 on the same scale* Divide 
F G into twelve equal parts, and draw the ordinates ; mea- 
suring their lengths by the same scale, according to the 
numbers marked on the figure ; then eleven points will be 
found upon the curve between the axis and the vertex. 

Any variety of the harmonic-curve can be produced by 
measuring the abscissas on one scale, and the ordinates on 
some other scale. Let AB (fig. 128) represent the length 
of a quadrant of the generating circle, draw B C at right- 
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angles to AB, and equal to its radius. Then AC is the 
curve, having its abscissae and ordinates measured on the 
same scale as in fig. 127 ; the curve A C haa the scale of the 
ordinates half that of the abscissie ; the curve A C, has the 

R)t. 128. 




scales in the ratio of 3 to 2 ; the curve A C, has the scale 
of the ordinates double that of the abscissae. 

1B8. To draw the tangent at any point of ike karmonic- 
curve. — The tangent at A (fig. 127), the point of contrary- 
flexure, is drawn by taking AN equal to BC, drawing NT 
vertical cutting the horizontal through C in the point T ; 
then T A b the tangent at A. 

If we draw the horizontals through C,, Cj, Ci (fig. 128), 
meeting N T produced in T^, T„ T, ; then T, A, T, A, T, A, 
are the tangents to the curves A Ci, A C,, A Cj, at the point A. 

The tangent at the vertex C is always parallel to the 
axis A B. 

The tangent at any other point of the curve can be drawn 
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by first drawing the normal (1S9) at that point, and then 
drawing a perpendicular to the normal at the given point. 

159. To draw the normal at any given point of the har- 
monic-curve. — ^Let P (fig. 127) be the given point on the 
curve, HP the ordinate perpendicular to AB. On BA 
take B J equal to A H, and draw the ordinate J E, meeting 
the curve at R. Produce B C to U, making C U equal to 
J R ; draw C P! W cutting the axis in the point W, and join 
W U. Produce H P to meet W U at S, and take H w on 
the axis equal to P S ; then P 7i is the normal at the point 
P ; H n, called the subnormal^ being a fourth proportional 
(16)toBC, JR,andHP. 

The normal can be drawn in the same way in any variety 
of the curve (fig. 128), the subnormal being the fourth 
proportional in every case to B C, J R, and H P ; B C being 
taken the same length in all varieties of the curve. 

160. To set out the harmonic-curve a^ a railway curve. 
— Let it be required to join the points E and G (fig. 127) 
by a curve, the tangents at those points meeting at e. Join 
E G, and bisect E G in P, draw the perpendicular F e. Let 
F G represent 1571 on any scale, and take G a, represent- 
ing 1000, on the same scale. Draw a h perpendicular to 
F a, meeting the tangent G e in 6. Draw h V parallel to 
FG. Divide FV into 1000 equal parts, and set up the 
twelve equidistant ordinates, as figured along F G, to the 
same scale as that on which F V represents 1000 ; then 
twelve points will be determined on the harmonic curve. 
By repeating the process, the curve- fix)m V to E can be set 
out in like manner. 

Where an S curve is required from A to G, the tangents 
at those points being parallel ; divide A G into four equal 
parts, A B, B E, E F, F G. Draw F ^ at right-angles to F G, 
and meeting the tangent at G in the point ^ ; e E will be 
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the tangent at E. Then proceed to set out the airve G V, 
as above described, and the remain- ^ jj^ 

intt parts, VE, EC, CA, will be 
similar to V G, and can be set out 
in the same manner. 

By using this curve for railways 
instead of circular arcs, the sudden 
change in the direction of the train, 
which occurs in passing from a 
straight line to a circle, is avoided, 
and greater safety insured. 

161, To apply the harmonic-airve 
to form the entasis of a column. — ^Let 
C B, A E (fig. 129), be the radii at 
bottom and top of the shaft, B A 
the axis of the column, BC and 
A E at right-angles to A B. Take 
BD equal to AE, then CD is the 
difference between the radii at 
bottom and top. Draw D E parallel 
to B A, and divide it into any num- 
ber of equal parts at G, H, &c. 
From B as a centre, with BC as 
radius, describe a circle cutting D E 
in the point F. Divide the arc C F 
into aa many equal parts as D E is 
divided into, by the points a, b, &c. 
Through a, b, &c., draw lines parallel 
to DE, intersecting lines parallel to 
B C through G, H, &c., in the points P, Q, &c. ; these will 
be poiuts upon the required curve, through which it can 
be drawn by bending a lath. 
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IMm To appljf 0u karm/mie-rmve to form Ike eomttmr t^ 
an ff^aal arch orpinnade. — ^Let C P (%. 130) be the giveo 




Kpftii of the arch. Bisect CF in E, and draw ED at right- 
anglcii to C F. Let E D be the given height of the arch 
at the rcntro. Bisect CE in B and draw BA at right- 
nn^loH ^A^ C E, and equal to half E D. Draw C K parallel to 
A H, and take All to AB in the ratio of 1000 to 1571. 
Draw II K parallel to C E and cutting GK in K ; then K A 
in the tangent at the point of contrary-flexure A, Taking 
Mk. im. CB to represent 1000 on any scale, 

we can find twelve points on C A, 
aa in VG (fig. 127), by measuring 
ordinates to the satoe scale. The 
curve from A to D is »milar to 
A C, and the curve D F is a repeti- 
tion of DAC. The joints of the 
I \*oiissoirs of the arch niust be in 
tlie direction of the nomials to the 
curw (1S«). 

The outline of an ogiv&l [Hn- 
nitolr i^tt}*. ISU i.'nn Ih> Rtnutxl in tlie same way. 
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163. Tq apply the harmonic-curve to mouldings and 
other architectural ornaments. — The use of continuous 




mathematical curves for the contour of mouldings, as the 
oyee and cima, would produce a Fig. 133. 

more pleasing effect than the 
cornmoQ practice of drawing 
them by arcs of circles. 

Ijet the points C and D be 
given (6g3. 132, 133) ; draw C F, 
DF, at right-angles to each 
other, and bisect D F in E. Draw 
E B parallel to C F, B C parallel 
to DF, and bisect BE in A; 
then A is the point of contrary- 
flexure, E A B the axis, D and 
C the vertices of the curve, 
which can be drawn in the man- 
ner above described (IB*)- 

The harmonic-curve can also be employed to form an 
interlacing ornament (fig. 134), AG being the axis, C 
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nnd V the vertices, A, B, E, F, G, the points of contrary- 
flexure. 




The Lemxiscatb. 

1S4, To draw a Umniscate by continuous motionJ- — Let 
A C and O B (fig. 135) be two rods or slips of card revolv- 
ing about the fixed points A and O, the length A C being 
capable of alteration. Let another rod or slip, P B C, of 
length equal to twice B, be attached by one end to a 
pivot C at the end of the rod A C, and also at its middle 
point to a pivot B at the end of the rod O B, so as to move 
freely about those points, as the rods OB, AC, revolve 
about O and A. "When O B and A C coincide with the axis 
A, the point B will be at D, O D being equal to twice 
O B. Now let the rods revolve about O and A, and a 
pencil at P will trace out the curve D Y O. When P 
reaches the axis again at O, the points B and C will be at K 
and F, in one straight line with 0. 

The curve from 1) to O is one-fourth of the whole lemnis- 
cate, the other three parts of which are exactly equal and 
similar to D Y O. Also the point is a point of contrary- 



CURVES or FLEXURF. 117 

flexure, aud the curvature iucreaaea from O towards I), 
where it is greatest. 

ICBi To jind points on tfte contour of a lemniscate. — Draw 
an axis DO A (fig. 135), and from any point O therein as 
a centre, and any radius OB, describe a circle HBK. 
Take A on the axis gi-eater than K, and from A as a 
centre, with A O as radius, describe the circle C F. From 




O as a centre, with O D equal to twice H as radius, de- 
scribe an arc cutting the last circle in F ; draw F cutting 
the first circle in E. 

Take any point B on the first circle, between E and H, 
and from B as a centre, with B as radius, draw an are 
cutting the second circle at C ; draw GBP, and make B P 
equal to B C or BO; then P is a point on the required 
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letnniscate. Proceeding in this way, and taking other points 
on the first circle, we can find any number of points upon 
the curve between and D, through which the lemniscate 
can be drawn by hand. The other portions of the curve, 
being only a repetition of the part DYO, can be drawn 
from it. 

166* To find tfie algebraical equation to the lemniscate. — 
Since BP (fig. 135) is always equal to BC and BO, the 
angle P C is always a right angle (55). 

Ijet A=a, A=6, OP=r, the radius-vector, and the 
angle P0D=9. Then OC=2 6. sin d, OP«=PC2-OC2/ 
or r'=4a'— 46'. sin^fl. If we call a=l, thjen we have 
for the equation to the curve, 

r= 2 v/l-6*sin»6. 

Any varieties of the curve can be obtained by changing 
the length of 6, or A, as compared with that of a, or O B. 

167» To draw a lenmiscate of given dimensions. — Let 
the length D, and the height X Y, be given, Y being the 
l)oint at which the curve is at its greatest distance firom the 
axis D« Bisect D in H, and draw H Z at right-angles 
to H, and equal thereto. Draw Z, and from O as a 
centre, with O Z as radius, describe the arc Z Y Q, cutting 
the axis at Q. Then this arc passes through the point of 
greatest distance, Y, from the axis in every variety of the 
curve, so that by taking H T equal to the given width or 
height of the curve, and dravring T Y parallel to the axis, 
and cutting the arc at Y, we find Y the required point at 
which the curve has the greatest distance from the axis. 
The line T Y is also the tangent to the curve at Y. O H is 
the radius of the smaller circle, and the radius O A of the 
larger circle is found by taking O H to represent 1000 oo any 
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scale, and A will be the quotient of 1,000,000 divided by 
the given height XY, measured to the same scale. For 
example, let X Y be given equal to one-third of D, or 
two-thirds of O H, then by the above rule. we find that O A 
is one and a half times the length of H. 

The length of A for any given values of X Y and H 
can also be found geometrically, since O A is a third pro- 
portional (15) to XY and OH. Take HI on the axis 
equal to X Y, and draw I M making an acute angle with 
I O ; make I J equal to H; join H J, and draw M parallel 
thereto ; then J M is the length of A required. 

Having determined the radii of the two generating circles, 
the curve can be drawn as before described (164, 165). 

If X and X Y only are given, we can find the radius of 
the smaller generating circle in the following manner. Draw 
OG at right-angles to OX, and bisect the right-angle 
G X by the line Z. From O as a centre, with Y as 
radius, describe a circle cutting Z in the point Z. Drop 
the perpendicular Z H upon the axis O H, and H will be 
the required radius of the smaller circle ; from which D is 
found by taking H D equal to H 0. 

When both the radii, OH and OA, of the generating 
circles are given, the length of X Y can be obtained by find- 
ing a third proportional to A and H. Or, take H 
as 1000 on any scale, and from as a centre with a radius 
1414 on the same scale, draw a circle ; divide 1,000,000 by 
the length A (on the same scale), and take H T equal to 
the quotient ; draw T Y cutting the last drawn circle at Y, 
then YX is the greatest distance of the curve from the 
axis. 

168. To draw a tangent to the lemniscate. — ^The tangent 
at O (fig. 135) where the curve cuts the axis, and has a 
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point of contrary-flexure, is found as follows. Draw H Z at 
right angles to HO and equal thereto. Draw Z L parallel 
to H, and from O as a centre, with A as radiup, draw 
an arc cutting Z L in the point L ; then L O is the tangent 
atO. 

The tangent at Y, where the curve is at its greatest dis- 
tance from the axis, is parallel to O D ; and the tangent at 
D is perpendicular to O D. 

169. To apply the lemniscate to form an ogival arch. — 
Let A B (fig. 1 36) be the given span, C Y the height of the 
Pig. 1.16. 




arch, the point C bisecting A B. Bisect A C, B C, in tlie 
points X, and draw X D parallel to C Y, and D Y parallel 
to A B. Bisect X D in O, and draw the lemniscate Y 
(1«7) having D O for its axis, D Y for its greatest distance 
from the axis, and O for its point of contrary-flexure. 
Repeat the curve Y O in A 0, and Y A will form one side 
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of the required arch, having its tangent at A perpendicular 
to A B. The tangent at should be found (108) before 
drawing the curve. 

The curve in the figure has the radii of the generating 
circles in the ratio of 4 to 5. 

170. To apply the. lemniscate to mouldings and other 
architectural ornament. — Mouldings of contrary-flexure, aa 
shown on figs. 137, 138, 139, can be drawn when the 
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points Y, Y' are given, aud the vertical or horizoutal axii 
OD. 

Draw Y' A parallel to OD, aud YXA, Y'X', pcrjieu- 
dicular thereto. Bisect XX' in 0, which will be fhe point 
of contrary-flexure of the curve. Draw OE perpendicular 
to X, and bisect the right-angle E O X by the line Z. 
From O as a centre, with Y as radius, describe a circle 
cutting O Z in Z. Drop the perpendicular Z H upon X, 
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and O H will be the radius of the smaller generating drcle. 
Make H D equal to O H, and D is the point where the 
curve cuts the axis. We can now find the length of the 
other radius in the method described above {H7), and 



1 


1 



draw the curve D Y O. The other portion, O Y' D* is a 
repetition of the portion YD. In fig. 137 the radii of 
the generating cirtJes are in the ratio of 4 to 5, X Y being 
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two-fifths of D ; in fig. 138 they are in the ratio of 8 to 9, 
XY being four-ninths of OD; and in figa. 139 and 135 
the radii are as 2 to 3, the height X Y being one-third 
ofOD. 

This curve may be also made to form the contour of a 

Rg. 138. 




leaf (fig. 140), in which O is the point of contrary-flexure, 
O D the axis, X Y the greatest distance from the axia. In 
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the example here given, the same curve as in fig. 135 is 
used. 

Fiir. I4n. 




There are many other curves having points of contrary- 
flexure, such as the Trochoid and Companion to the Cycloiil, 
which are treated upon in Chapter VI. 
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CHAPTER V. 

SPIRALS. 

171. Definitions. — ^When a point is made to describe a 
series of convolutions about a fixed point called the pole, 
so that its distance therefrom is continually varying, the 
curve which it marks out is called a spiral. Any line 
drawn from the pole to the revolving point is called a 
radius-vector to the curve or the radius which the moving 
point carries round with it It is usual to consider the 
radius-vector as starting from some straight line or axis, 
which passes through the pole, and to which it returns after 
every successive convolution. 

The simplest form of spiral is that which is obtained 
when a thread is unwound from a circular cylinder, the 
spiral marked out by the end of the thread being called the 
Involute of the circle (fig. 141), in which the tangents of the 
circle are normals to the spiral. 

If a rod is made to revolve round a pole from a fixed 
axis, and a point starting from the pole moves along the 
rod so that its distance from the pole is always proportional 
to the angle which the rod has revolved over from the 
axis, the curve which the point will mark out is called the 
spiral of Archimedes (fig. 142). This spiral is one of a 
large family of spirals in which the length of the radius- 
vector varies according to some power of the angle it has 
revolved over from the fixed axis. Thus we can have a 
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spiral in which the length of the radius-vector is pro- 
portional to the sqtiare or second-power of the angle of 
revolution (figs. 143, 144) ; or one in which it is pro- 
portional to the cube or third-potcer of that angle (figs. 145, 
146, 147, 148). 

When the length of the radius-vector, starting from a 
fixed 0X18, diminis/ies in proportion as its angular distance 
from that axis increases, the curve marked out by the 
moving-point is called the reciprocal-spiral (figs. 149, 150), 
the radius-vector in this case being said to vary inversely as 
the angle of revolution. 

If the length of the radius- vector varies inversely as 
the square-root of its angular distance from the axis, the 
curve marked out is called the lituus (fig. 151); and a 
variety of this spiral can be obtained by making the radius- 
vector vary inversely as the cube-root of the angle revolved 
through (fig. 153). 

If the length of the radius-vector is increased in geo- 
metrical ratio, while the angle of revolution increases in 
arithmetical ratio, the spiral obtained is called the equi- 
angular or logarithmic spiral (figs. 154, 156, 158). It is 
called equiangular because the tangent at every point in 
the same spiral makes everywhere the same angle with the 
radius- vector ; and it is termed loganthmic because the 
angle of revolution is proportional to the logarit/im t>f the 
length of the radius-vector. This spiral can be drawn in 
infinite variety, and has geometrically neither beginning nor 
ending, as it consists of an endless series of convolutions, all 
of which are exactly similar in the same curve, and only 
difiering in actual size or scale. 



The Involute op the Circle. 

172. To draw the involute by continuous motion. — Let S 
be the pole, S A the axis (fig. 141) of the proposed spiral. 




Take a circular cylinder of radius S A, 8 being its centre, 
and wrap a thread round it.- Attach a pencil to the outer 
end. A, of the thread, and unwind the thread from the 
cylinder, keeping it tight by the pencil ; then the spiral 
A E C D will be marked out. If we take A C perpendicular 
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to A S, when the pencil arrives at C the quantity of thread 
unwound will be equal to the circumference of the cylinder ; 
and since A C is the tangent to the circle at A, the tangent 
to the spiral at C is parallel to A S, being always at right- 
angles to the tangent of the circle ; jand A C is the normal 
to the spiral at C. 

Let it be required to draw a spiral of a given size and 
given number of convolutions ; if A C is given for the first 
convolution, we must find the diameter A F of the gene- 
rating circle or cylinder by taking A F to A C in the ratio 
of 100 to 314, or of 7 to 22. If A C is given for two con- 
volutions, then we must take A F to A C as 100 to 628, or 
twice 314 ; if A C is given for three convolutions, take A F 
to A C as 100 to three times 314, or 942 ; and so on, ac- 
cording to the number of convolutions required. 

173. To find points upon t/ie involute. — Divide the 
generating-circle ABF (fig. 141) into four quadrants, and 
each quadrant into four equal angles. Draw the tangents 
to the circle (48) at each of' the 16 points into which its 
circumference is divided. Let the diameter of the circle 
A F represent 100 on any scale ; then to find the corre- 
sponding points on the spiral, measure along the tangents 
to the circle by the same scale the distances shown by the 
numbers on the figure from the points where the tangents 
touch the circle, beginning from the point A, where the 
spiral first starts from the circle. In this way 16 points 
will be found on the first convolution from A to C. To 
find points on the second convolution, produce the above- 
named tangents indefinitely, and measure a distance of 314 
on the same scale as before, from each point on the first 
convolution ; these will give 16 points on the second con- 
volutiofn. To find points on the third convolution, measure 
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314 from each point on the second, and so on for any 
number that may be required. 

A larger number of points can be found upon the spiral 
if desired. Suppose it is required to find 32 points on each 
convolution ; bisect each of the 16 angles into which the 
circle was divided above, and draw the tangents at the 
extremities of -the radii. The'tength of the tangent at the 
end of the first radius after leaving A will be 314 divided 
by 32 ; that of the second, twice that of the first ; of the 
third, three times that of the first, and so on for all the 
thirty-two points round the circle. For the points on the 
second convolution we have only to proceed as before, by 
adding 314 to the length of each normal to the first convo- 
lution, and in the same way for the third convolution. 

When a cogged-rack is driven by a pinion-wheel, the 
outline of the cogs is the involute of the circle which forms 
the ' pitch Hue ' of the ' driver.' 

The Spieal of Archimedes. 

174« To draw a spiral whose distance from the pole is 
directly proportional to the angle made by the rqditis-vector 
with the fixed axis. — ^Let FSH (fig. 142) be the fixed axis, 
S the fixed point, or pole. The spiral can be drawn by 
continuous motion if a rod is made to revolve about S, and 
at the same time a pencil moves along the rod at a rate 
proportional to the velocity of revolution. 

To describe the spiral by finding points on its contour, 
draw E S G at right-angles to S H, and divide each right- 
angle into four equal angles. Let D be the point where the 
spiral is to cut the axis after one convolution ; on S E take 
S A, equal to one-fourth of S D, on S F take S B, equal to 

K 
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hair of S D, and on S O take S C, equal to three-fourths of 
SD. So also for the four angles into which the first 
quadrant ia divided, the length of the radius-vector drawn 
from S is one-fourth of 3 A at the first quarter of the right- 
angle, one-half 8 A at the second quarter, and three-fourths 
SA for the third quarter. In the other quadrants the 
length of each radius-vector increases in the same way by 
one-fourth of S A for every quarter of a right-angle. 




If we bisect each of the 16 angles, the increase of the 
radius-vector at each successive angle will be one-eighth of 
SA. 

The distance apart, D H, of any two convolutions of this . 
spiral, as measured along the radius- vector, is everywhere 
the same, being equal to the length S D. 
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17S. To draw the tangent at various points of the fore- 
going spiral. — ^Let ^ be the angle between the tangent and 
radius at any point of the curve after the radius-vector has 
passed over an mnount of revolution from the axis which is 
represented in magnitude by d (taken in circular measure) ; 
then it is found by the differential calculus that 

w. tan ^=fl. 

From this formula it appears that the angle which the 
tangent makes with the radius- vector is very acute for any 
point near the pole S, and increases rapidly as its distance 
therefrom is increased. Thus at A, the tangent makes an 
angle TAS of 57'52° with the radius-vector; at B the 
angle T B S is 7267^ ; at C the angle T C S is 78^ ; at D 
the angle T D S is 81^ ; at E the angle T E 8 is 8275° ; at 
F the angle TFS is 84°; at G the angle T G S is 84-8° ; 
and at H the angle is 85*45°. And as the numl)er of con- 
volutions increases, so the curvature of the spiral gets 
nearer and nearer to that of a circle having S for its centre. 

To draw the tangent at A, make A a perpendicular to 
S Av and equal on any scale to 157 ; draw aT at right 
angles to A a, and equal to 100 on the same scale, then 
T A is the tangent at A. Proceeding in the same way at 
the other points, at B make B b equal to 314, & T to 100 ; 
then T B is the tangent at B. At C, C T the tangent is 
drawn by taking C o to c T as 471 to 100. At D, take D d 
to rfT as 628 to 100. At E, take E^ to eT as 785 to 
100. At F, take F/ to T/ as 942 to 100. At G, take 
G y to T^, as II to 1. 

176. To find points on the spiral whose distance from the 
pole is proportional to the square of the angle made by the 
radius-vector with the fixed aans. — Let S (figs. 143, 144) be 
the pole, SX the fixed axis. Draw KSM (fig. 143) per- 
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pemliculnr to S X, and divide each quadrant into four equ^V 
angles. Measure along these lines from S the squares o£ 




successive integere beginning with unity, as given in the 

Table (181), on any convenient scale ; tho». 

^ " ■' ' ''"en sixteen points 

will be obtained on each convolution of j-i, ' I Tn 
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save reference to the Table, the liumlKjrs are marked on the 
figures themselves, indicating the diiitance of the various 

Fijr. 144. 



points from the pole. The spiral can be drawn by hand 
through the points thus found. 

177. To draw the tangents at various points of t/ie fore- 
ijoing spiral. — If we call 4> the angle whinh the tangent at 
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any point of the curve makes widi die radius-vector drawn 
to that point, and the amount of revolution described by 
the radius-vector from the axis (taken in circular measure), 
it is found by the differential calculus that 

tan ^s=^ d. 

From this formula it appears that the angle between the 
tangent and radius is very acute for any point near the pole 
S, but increases rapidly as the number of convolutions is 
increased. 

Let S P (fig. 144) make half a right angle with S X, its 
length being 4 ; draw P/> perpendicular to P S, and measure 
P^>, equal to 39 on any scale, make jo T at right-angles to 
p P and equal to 100 on the same scale, then T P is the 
tangent at P. Proceed in the same way at the other points, 
taking A a to T a as 78 to 100, and T A is the tangent at 
A. At Q, take Q ^ to T ^ as 118 to 100, and T Q is the 
tangent; at B, take B 6 to T 6 as 157 to 100, and T B is 
the tangent; at R, take Er to Tr as 196 to 100, and 
TE is the tangent. At C (fig. 143), take C c to T c as 236 
to 100, and T C is the tangent ; at D, takaD rf to T i as 
314 to 100 ; at E, take E ^ to T ^ as 393 to 100 ; at F, take 
F/ to T/ as 471 to 100. At G, take Gg to T^r as 55 to 
10, and T G is the tangent ; at H, take H A to T A as 63 to 
10 ; at I, take 1 1 to T i as 71 to 10 ; at J, take J; to T> 
as 79 to 10 ; at E, take E ik to T ib as 86 to 10 ; at L, take 
L / to T / as 94 to 10 ; at M, take M m to T m as 102 to 
10, and T M is the tangent 

Before drawing any spiral by hand, it is essential to draw 
as many tangents as possible, since they give the direction 
in which the curve is moving at the several points. 

ITS* 7b ^find paints on the spiral whose distance from 
the poU is proportional to the cube of the angle made by the 
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radius vector with the fixed axis.— Let S (figs 145, 146, 

Fiir. 14A. 
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147, 148) be the pole, SX the fixed axis. Throu^jS 
draw a line at right-angles to S X, and divide each quadrant 
into four equal angles. Measure from S along these lines, 
the cuhen of all successive integers, beginning with unity, flgP 
given in t]]cT:ibIe (181), on any (■oiivenicnt scale ; sixteen ■ 
points on each convolution will be thus obtained. 'i'Hl^ 
numbers marked on the figures themselves give the di*J 
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tances of the several points from the pole, and the t 
can be drawn by hand through the points thus found. 

Figure 145 shows the spiral for the first half-convolar 
starting from the pole. 

Figure 146 gives the first whole convolution of ; 
spiral from the pole on a scale one-twentieth of that l 
in the fonner figure. 

Figure 147 shows three a nd a quarter con volutuj 
drawn to a scale one-twentieth of that used in, figure 14 

Figure 148 gives six and a quarter convolutions 
the pole, drawn to a scale one-tenth of that used in draj 
ing figure 147. 
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1.79. To draw the tangents at various poii^ of Ae fore- 
Tig. 147. 
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going spiral. — ^Let ^ be the angle which the tangent and 
radius-vector make with each other at any given point on 
the curve, and let fl be the angle (in circular measure) 
which the radius-vector at that point has revolved over 
from the axis ; then it is Found by analysis that 

tan 6:=s|9. 

The angle ^ is acute and less than half a right-angle in 
the first half-convolution from the pole, and after that 
becomes greater than half a right-angle, increasing as the 
curve proceeds, and getting nearer and nearer to a right- 
angle. 

To draw the tangent at A (fig. 145), take A a peri)en- 
dicular to B A, and equal in length to 53 on any (k>nveiii^at 
scale, erect aT at right angles to a A and equal to 100 6ti 
the same scale, then T A is the tangent at A. Ffoceeding 
in the same manner we find the tangent at B by taking 
B6 to T6 as 79 to 100; at C, take Cc to Tc as 105 to 
100, and T C is the tangent. 

To draw the tangent at D (fig. 146), take Drf to Trf as 
157 to 100; at E, take E<? to T^ as 209 to 100; at F 
(fig. 147), take F/ to T/ as 262 to 100 ; at G, take G g to 
T^ as 314 to 100 ; at H, take HA to T A as 373 to 100 ; 
at I, take It to T t as 419 to 100 ; at J, take J^ to Tj as 
471 to 100; at K, take Kit to Tias 524 to 100; at L, 
take L f to T / as 587 to 100 ; at M, take M m to T iw as 
628 to 100 ; and at N, take Nn to Tn as 694 to 100 ; then 
T N will be the tangent at N. 

18 0> To apply the above spiral to form a volute of given 
dimensions. — Let YZ (fig. 148) be the given height df the 
volute. Divide YZ at S, so that SZ shall be to S Y in the 
ratio of the cube of 100 to the cube of 92 (see Table of 



cubes (i«i) ), or nearly as 100 to 78. Then draw W S X at 
right-angles to YZ, and divide each quadrant into four 
equal angles by lines drawn through the pole S; take S X 




to SW as the cubes of 96 and 98, or nearly as 88^ to 68, 
and measure on the other lines the lengths as given in the 
table of cubes, starting from SZ as the cube of 100, then 

SU the cube of 99, SV the cube of 98, and so on for as 

many convolutions as may be required. 
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If it Lb desired to finish the spiral at the centre by a 
circular eye at any point as N, draw the normal or per- 
pendicular to the tangent at N, and also the normal at M ; 
then describe the eye taking the point of the intersection 
of these two normals for its centre. 

If it is desired to draw an approximation to the spiral 
by means of arcs of circles joining the several points found 
in the foregoing manner, draw the normals at those points 
perpendicular to the tangents, and the point where two 
consecutive normals intersect will be the centre from which 
the arc lying between them is to be struck. 

XS1« Table of the Sq**are8 and Cubes of Integern. 



tegers 


Squarte 


Cabes | 


InteQtn 


Squares 


Cubes 


1 


1 


1 • 


31 


901 


29701 


2 


4 


8 


32 


1024 


32768 


a 


9 


27 


33 


10S9 


35937 


4 


10 


04 


34 


1156 


39304 


5 


%n 


13.-> 


35 


1225 


42876 





m 


21 a 


30 


1290 


40656 


7 


49 


343 


37 


1309 


50653 


8 


04 


512 , 


38 


1444 


54872 


Xl 


81 


729 ' 


39 


1521 


5a319 


)0 


100 


1000 


40 


lOOO 


64000 


u 


u\ 


la^i 


41 


1081 


68921 


li 


144 


1728 


42 


1764 


74068 


13 


im> , 


2197 


43 ' 


1819 


79507 


u 


190 I 


2744 


44 : 


iai6 


85184 


)5 


325 ; 


8i75 


45 


2025 


91125 


16 


3/» 


4090 


^ 1 


2116 


97336 


17 


289 


4913 1 


47 ! 


2209 


103823 


18 


a24 


58.'i2 ! 


48 


2304 


110592 


1» 


^'ilU 


0859 \ 


49 


2401 


117649 


:^i 


400 


81X10 


50 


2500 


125000 


» 1 


^1 ( 


9261 


51 : 


96DI 


132651 


5a ; 


484 ; 


10IU8 


52 


2704 


140608 


^ 


»» 


12107 


53 . 


2800 1 


148877 


^ 


570 i 


13824 


54 


2916 


157464 


2* • 


025 


15026 


55 


30e5 


106)75 


^ 


c:e 


17576 


56 


3130 


175616 


27 


729 


19083 


57 


3219 


185193 


38 


784 


21932 


58 


3364 


195112 


»> 


S4l 


24389 


59 


3181 


9(^i79 


ao 


900 


97000 


00 


3000 


210000 
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Table of the Squares and Cubes of Integers (continued). 



• 

Integers 

1 


Squares 


Cubes 


Integers 


Sqnaires 


Cubes 


61 


3721 


226981 


I 

81 


6561 


531441 


62 


3844 


23a't28 


82 


6724 


55l;i68 


63 


3969 


25004^ 


83 


6889 


571787 


64 


4096 


262144 


84 


7056 


592704 


65 


4225 


274625 


85 


7i>25 


614125 


66 


4356 


2874416 


86 


7396 


636056 


67 


4489 


300763 


87 


7669 


658503 


68 


4624 


314432 


88 


7744 


681472 


69 


4761 


328509 


89 


7921 


704969 


70 


4900 


343000 


90 


8100 


729000 


71 


5041 


357911 


91 


8281 


753571 


72 


5184 


373248 


92 


8464 


778688 


73 


5329 


389017 


9:{ 


8649 


804357 


74 


5476 


405224 


94 


8836 


830584 


75 


5625 


.421875 


95 


9025 


857375 


' 76 


5776 


438976 


96 


9204 


884736 


77 


5929 


456533 


97 


0409 


912673 


78 


6084 


474552 


98 


9604 


941232 


79 


6241 


493039 


99 


9801 


970299 


80 


6400 


512000 


100 


10000 


1000000 



The Eeciprocal Spiral. 

182. To Jind points on the spiral in which the lenjth of 
Vie radius-vector varies inversely as the angle of revolution 
from a fixed axis. — Let S (fig. 149) be the pole, SX the 
fixed axis. Draw C S A at right-angles to S X, and let the 
length SA represent 1000 On any scale. Draw AB 
parallel to S X, then A B will be an asymptote (124) to 
the curve. Draw SK, making an angle of 57-3° with the 
axis, and fi-om S as centre, with S A as radius, describe an 
arc cutting SK in K, then K is a point on the curve. 
Bisect the right-angle ASX by the line SI, making SI 
equal to 1273 on the above scale ; then I is a point on the 
cvLV\e. 

Draw S Q, bisecting the angle K S X, and equal in length 
to twice S K, or 2000 on the scale, then Q is a point on 
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the carve. Draw SB, bisecting the angle ISX, taking 
8B equal to twice SI, or 2546 on the scale, then B is a 
point on the curve, and the curve gets nearer and nearer 
to the asymptote AB as the angle between the radius- 
vector and the axis diminishes. 

Draw SL, bisecting the angle .A SI, and take SL equal 
to one third of SB, or to two-thirds of S I, or 849 on the 
scale ; then L is a point on the curve. 

On S A, take S M equal to half S I, or 637 on scale, and 
M is a point on the curve. So also S D will be half of 
S M, S C one-third of S M, S E one-fourth of S M, and so on. 

To find other points on the spiral, divide each quadrant 
into four equal angles, and measui^e the lengths marked on 
the figure by the same scale as is used in the other dimen- 
sions ; and in this way sixteen points on each convolution 
will be obtained. In figure 150 the spiral portion of the 
curve is drawn on an enlarged scale three times that to 
which figure 149 is drawn. 

The portion of the curve PQB (fig. 149) is very flat, 
but the curvature gradually increases towards M. Thus 
at I the radius of curvature (lOl) is more than four times 
the length of the radius-vector SI; at K it is less than 
three times the radius-vector; and at M it is less than 
twice the radius-vector. As the curve continues in its 
spiral course the radius of curvature gets nearer and nearer 
to the radius- vector in length. 

A second spiral shown by the dotted line IfK'L' (fig. 
149) can be drawn in the same manirer as the first, by 
taking SA' and SK' as 1000 on some other scale than 
that used for S A and S K ; A' B' will be the asymptote to 
this curve, and the other points can be found by scale as 
before. 
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• 

Another scale of measurement can be used by dividing 
each right-angle, as before, into four equal angles by the 
lines 8 E, S I, S L, &c., K S X being one-fourth of a right- 
angle, I S X one-half, K S K three-fourths. Let S E repre- 
sent unity on any scale, then SI will be half of SE, SL 
will he one-third of S E,. S M will be one-fourth, S D will 
be one-eighth, SC will be one-twelfth, SE will be one- 
sixteenth of SE, and so on round the spiral. 

183. To draw iarujenta at various points on the recipi^o- 

cal spiral, — ^Let ^ be the angle made by the radius-vector 

at any point on the curve with the tangent at that point, 

fl the angle of revolution (in circular measure) of the radius 

from the fixed axis S X (figs. 149, 150), then it is found 

by analysis that 

tan4)r=9. 

The tangent Kf at K (fig. 149) makes half a right-angl6 
with S K, so that to draw K f we have only to take K k 
and K f at right-angles, and equal to each other. To draw 
the tangent at M, take M 7ii equal to 100 on any scale, 
draw nit2L perpendicular at m, and take thereon m t equal 
to 157 on the same scale, then ^M is the tangent at M. 
At D (fig. 150), take Drf equal to 100, dt equal to 314 
perpendicular to D rf, and ^ D is the tangent at D. Pro- 
ceeding in the same way at other points, we have at C, C c 
to ct as 10 to 47 ; at E, Ee to etas 100 to 628; at F, F/ 
toft as 100 to 786 ; at G, G^r to ^^ as 100 to 943; at H, 
HA to At as 1 to 11 ; at J, J^ to jtns 100 to 1257. The 
Umgent at any other points can be found if required in the 
same manner by help of the formula given above- 
It will be seen that the tangent becomes more and more 
nearly perpendicular to the radius-vector as the spiral 
increases its number of convolutions. 



By means of the tangents we can draw the curve by 
hand through the several points found upon its contour, as 




they give us the direction in which the s]>iral is moving 
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If it is desired to imitate the spiral by means of arcs 
of circles joining the several points found in the above 
manner, the normals .must be drawn perpendicular to the 
tangents at those points, and the point of intersection of 
any two consecutive normals will be the centre from which 
any one of those arcs must be struck. 

The Lituus. 

184. To find points on the contour of the spiral in which 
the radius-vector varies inversely as the square root of tlie 
angle of revolution from a fixed cuds. — ^Draw B S X (fig. 
151) as a fixed axis, S being taken as the pcle. Measure 
a length SX equal to lUOO on any scale, and from S as a 
centre, with SX as radius, describe a circle; from X as 
a centre, with a radius equal (on the same scale) to 959, 
draw an arc cutting the circle in K, which will be a 
point on the required curve. K can also be found by 
making the angle KSX equal to ST'S"", and measaring 
SK as 1000. Bisect the line KX by the line SP, 
taking SP equal to 1414 on the above scale; then P 
is a point of contrary-flexure on the curve, which now 
becomes convex towards the axis SX as it approaches 
thereto, being concave from P towards K. As the angle 
made by the radius-vector with the axis decreases, so the 
curve approaches nearer and nearer to the axis, but as the 
length of the radius increases at the same time, the curve 
never can reach the axis which is an asymptote (lA4b) 
thereto. 

Draw C S A perpendicular to S X, and divide each qiiad- 
nmt into eight equal angles, measuring the distance of each 
point as shown upon the figure to the same scale as was 
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used in measuring S K ; we thus obtain a sufficient number 
of points to enable us to draw in the spiral by hand. 

The radius of curvature (lOl) is of infinite length at the 
point of c^ntrary-flexiu'e, P, or the curve becomes flat at 
that point. From P towards A the curvature increases 
rapidly, or the length of the radius of curvature diminishes ; 
thus at K the radius of curvature is not quite double the 
length of the radius-vector S K, at A it is less than one 
and a half times S A, and at D it is very little more than 
the length of the radius- vector S D, so that from this point 
the curvature of the spiral approaches very nearly to a 
circle. 

The line SE bisects the right- angle ASX and measures 
1128 on the before-mentioned scale; the line SN bisects 
the angle RSX and measures 1596; the line SQ bisects 
the angle ESN and measures 1303; the line SL bisects 
the angle N S X and measures 2256 ; the line S M bisects 
the angle N S L and measures 1840. The line S TJ bisects 
the angle A S E, and the line S T bisects the angle A S U. 

18 S« To draw tangents at various points of the foregoing 
spiral. — Ijet ^ be the angle between the tangent and 
radius- vector at any given point on the curve, fi the angle 
(in circular measure) of revolution made by th^ radius 
with the fixed axis SX (fig. 151), then it is found by 
analysis that 

tan 4>=2fl. 

By help of this formula the tangent can be drawn for any 
given angle of revolution. 

At L, take L /, on the line S L, equal to 100 on any scale, 
draw It perpendicular thereto and measuring 39 on the 
same scale, Uien ^L is the tangent at L. Proceeding in 
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the same way, we find the tangent at P by taking P/) 
equal to pt, and ^P is the tangent; at K, take kt equal to 
twice Kit, and tK is the tangent; at A, A a is to a f as 
100 to 314 : at E, E^ is to ^^ as 100 to 471 ; at B, B6 is 
to 6 < as 100 to 628; at F, F/is to ft as 100 to 785; at 
C, Ccistoc^ as 100 to 943; at D, Drf is to rf« as 100 to 
1257. At the point D the tangent and radius-vector SD 
make an angle of 85^% and as we follow the spiral inwards 
this angle gets nearer and nearer to a right-angle, or the 
curve approaches towards a circle in its contour. 

Having drawn the tangents we can describe the curve 
itself by hand through the several points ; or if it is desired 
to approximate to the curve by arcs of circles drawn from 
point to point, the centres of ihose arcs must be at the 
intersection of the consecutive normals or perpendiculars to 
the tangents at those points. 

186> To apply the litutis to form the outline of a console 
or double volute. — ^Draw a horizontal axis BSX (fig. 152), 
take SX equal to 1000 on any scale, and from S as a 
centre, with S X as radius, draw the circle X .K ; from X 
as a centre, with radius equal to 959 on the same {«cale, 
draw an arc cutting the circle in K ; or draw K S, making 
an angle of 57 '3° with the axis. Bisect the angle K S X by 
the line SPS', and take SP equal to 1414, then P is the 
point of flexure of the curve. On the same or any other 
scale measure PS' equal to 1414, and draw B'S'X' parallel 
to BSX; take S'X' equal to 1000 on the same scale as 
P S' is measured upon, and from S' as a centre, with S' X' 
as radius, describe a circle. Draw S' K', making with S' P 
an angle equal to the angle P S' X', and cutting the circle 
at K'. P being the point of contrary- flexure in both 
curves, and the two curves having a common tangent at P, 
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a continuous contour is obtained in this manner, and the 
two spirals can be drawn by the method above described 
(185). 

The dotted line cbapa' d indicates another pair of 
spirals dravm around the first pair, having the same poles 
S and S' and the same axes S X and S' X', but measured 
on different scales. In the figure S/? is taken equal to S'P, 
and S'/? equal to S P ; but any variation can be made in 
the scales employed. 

187. To find points upon a spiral in which the radius- 
vector itaries inversely as the cube-root of the angle of revolu- 
tion from a fixed axis. — ^Let BSX (fig. 153) be the fixed 
axis, S the pole, CSA at right-angles to the axis. Take 
SX equal to 1000 on any scale, and from 8 as a centre, 
vnth SX as radius, describe a circle; from X as a centre, 
with 959 on the same scale as radius, draw an arc cutting 
the circle in K, which is a point on the curve ; or K will 
be found by making the angle KSX equal to 57 '3*^. 
Draw SP, making with the axis an angle of 27°, and 
measure S P equal to 1285, then P is the point of contrary- 
flexure, the curve becoming convex to the axis as it ap- 
proaches it from the point P ; and the axis is an asymptote 
(124) to the curve. 

To find other points on the spiral, divide each quadrant 
into four equal angles, and measure the lengths from S as 
marked on the figure by the foregoing scale. Thus SJ 
bisects the angle ASX and measures 1084 on the same 
scale as S K measures 1000 ; bisect J S X by the line S G, 
and measure SG equal to 1366. Bisect the angle GSX 
by the line SL, and measure SL equal to 1721; bisect 
LSX by SM, and measure SM equal to 2167. The line 
S H. bisects the angle J S A, and is equal to 947. 
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This spiral can be made into a double spiral in the same 
manner as described above (X86), by joining on another 
similar curve at the point P, and using either the same or 
a different scale for the two spinds. 

X88. To draw tangents at various points of the foregoing 
spiral. — Let ^ represent the angle between the tangent 
and radius- vector at any point on the curve, 9 the angle 
(in circular measure) which the radius-vector has revolved 
over from the fixed axis ; then it is found by analysis that 

tan (t=3 9. 

From this formula we can draw the tangent at any given 
point on the cui've. Thus at L the tangent T L is drawn 
by making L/ perpendicular to the radius- vector SL, and 
equal to 59 on any scale; then take IT equal to 100 on 
the same scale. At P, we find Pjp to Tj9 as 1414 to 1000, 
and T P is the tangent at P ; proceeding in the same way at 
K, we find Ki to T A: as 3 to 1 ; at A, A a is to T a as 
471 to 100 ; at E, E^ is to T^ as 707 to 100 ; at B, B A is 
to T6 as 942 to 100 ; and at C, Cc is to Tc as 1414 to 
100. 

After passing C the tangents become very nearly per- 
pendicular to the radius- vector, and the curvature ap- 
proaches that of a circle. 

Having drawn the tangents the curve can readily be 
described by hand through the several points ; or by draw- 
ing normals perpendicular to the tangents at those points, 
arcs of circles can be described from point to point having 
their centres at the intersections of consecutive normals. 
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The Equiangulab ob Logabithmic Spiral. 

1S9. To Jind points on the equiangular spiral, the depth 
and axis of which are given. — Let DSC (fig. 154) be the 
given axis, S the pole, A S B the given depth ; the ratio of 
A S to B S being also given. Find S C a mean-proportional 

Fig. 164. 




tlT) iH-twtvu A!> aiKl BS, lho« C b a point wbeie the 
sj'in*! cuts tho ask Joia A C, um} draw B D paiaDd to 
A V^ ovtuiuj; the axis in P- th-en D fe afco a point oo the 
v-urw. J*^"*" BO* atKl draw I>E paratt'el to BC, and E is 

a (x\a; wb^-w the st'i'^ *■'"'* *A, iHav EG paralW to 
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A C, G F parallel to B C, F H parallel to B D, H I parallel 
to D E, and so on for as many convolutions as may be 
desired, and we obtain fom* points on each convolution. 

To find intermediate points, divide each qyadrant into 
four equal angles by the lines S a, S A, &c. ; then the line 
S 6 is a mean-proportional between S A and S C ; S a is a 
mean-proportional between SA and S6; Sc is a mean- 
proportional between S b and 8 C ; S ^ is a mean-proportional 
between S C and SB; S rf is a-mean-proportional between S C 
and S ^ ; S/ is a mean-proportional between S e and S B. 
Having determined eight points on the first half of the 
convolution, the other points are found from them; for 
the chord of B^ is parallel to the chord of A a, the chord 
of ^r A is parallel to the chord of a 6, and so on all round 
the spiral. The points where the other convolutions cut 
the lines drawn from S are found in the same manner by 
drawing chords parallel to the chords in the first convo- 
lution ; thus E n is parallel to A a, nj? to a 6, and so forth. 

Another method. 

Divide the given length AS by the given length BS, 

and take the common logarithm of the quotient; divide 

1'3643 by that quotient, and call the result a; or, in 

algebraical formula, 

1-3643 

a = 



log( 






Next divide -ITOS by the value of a found above, and 
subtract the quotient from the common logarithm of S A ; 
the difference will be the common logarithm of S a ; or, in 
algebraical formula, 

log (S a) = log (S A) -^11^ 
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Having thus determined the length of 8 a, draw two 

lines OA and OA', making an acute angle with each 

Fig. 165. otlier at O (fig. 155), let O A equal SA, 

O A' leas than O A ; take a equal to 

Sa (fig. 154), determined as above, join 

A A', A' a ; then draw a a' paraUel to 

A A', a' b parallel to A' a, bf/ parallel 

to A A', b' c parallel to A' a, and so on ; 

then the lengths Oa, 06, Oc, &c., thus 

found on OA will represent the length 

Sa, S6, Sc, &c., on the spiral (fig. 154); 

and in this way all the points on the 

contour from A to B can be found. Also 

if we require to draw another spiral 

similar to the first, as shown by the 

dotted line A' a' f/ (fig. 154), we have 

only to take OA' (fig. 155) equal to 

SA', and tlie lengths Oa', Ob', Oc', &c., will represent Sa', 

SA'. Sc*, &c., on the second cur\-e. 

1,90. To draw tuntjenU and normals at various points on 
the equiangular spiixil. — Let the lengtlis SA, SB (fig. 154) 
be given ; then the trigonovtelrical tangent a of the angle 
between the radius-vector and the ^eomefn'caf tangent atany 
point of the spiral is found by dividing SA by SB, taking 
the Ic^rithm of the quotient and dividing the number 
1'3643 by the quanti^ obtained ; or, algebraically expressed, 
1-3643 

Suppose, for example, that SA=20, SB=14, as in 
figure 154 ; then wc find from this formula that a = 9. 
U|H>u S A measure S y equal to 9 on any scale, draw y 2 at 
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right-angles^ and equal to 1 on. the same scale, or to one- 
ninth of S y ; join S z, then S y divided hy yz represents 
the trigonometrical tangent (a) of the angle S z y or ^xy 
(y X being taken equal to y z) ; therefore S a? y or S ;? y is 
the angle which the tangent and radius-vector make with 
each other at every point of the spiral; and if A K is 
drawn parallel to S j?, A K is the normal or perpendicular 
to the tangent at A ; and the tangent itself can be drawn 
by simply drawing a line at A perpendicular to A K. If 
A z is produced to meet the curve at P, then P is the point 
where the tangent is parallel to the axis S C, and is the 
highest point on the convolution. The normals at a, 6, c, 
&c., can all be found by drawing lines making an angle 
equal to K A S with S a, S 6, S c, &c., and the tangents at 
those points will be perpendicular to those normals. If 
the curve is drawn in by hand the tangents should all be 
drawn at the several points so as to give the direction of 
the spiral. If it is desired to imitate the spiral by drawing 
arcs of circles from point to point, the centres of those 
circles will be found in the intersection of the normals 
drawn from any two consecutive points. 

191. To draw the equiangular spiral when the depth and 
the angle between the tangent and radius are given. — ^Let 
AB (fig. 156) be the given depth, a the trigonometrical 
tangent of the given angle, the value of which is found 
from a table of tangents when the angle is given. Then 
the ratio of A S to B S is found by the following formula : 

ASx 1-3643 



^^S ( Bs) = 



or, divide 13643 by the value of a and the quotient is the 
logarithm of the ratio of A S to B S, the value of which is 
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found from a logarithmic table. We have then to divide 
A B in the ratio thus obtained and find the pole S. The 
spiral can now be drawn by one of the methods above 
described (109}. 

For example, let the given angle be 80°, as in figure 
156; the tangent of 80' is given in the tables as 5-67, 

Fi?. 150. 




which is the valne of a in this case. Dividing 1-3643 by 
567, we get -2406, which is the Ic^garithm of 1*74, or very 
nearly J. Divide the given length A B into eleven equal 
parts, and measure (bur of those parts from B towards A, 
and we obtain the pole S. Draw D S C at right-angles to 
**. and we find the point C by taking SC a mean-pro- 
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portional between AS and BS, either by Uie geometrical 
process (17), or by extracting the square root of the 
product of A S and B S, for 

SC* = ASxBS = 7x4=23. 

Thia gives us SC= 5-3 very nearly. 

The point b is found by taking S 6 a mean-proportional 
betweenSAandSC, or. 86= -/I x 6-3 = 61. 

The point a is found by taking S a a mean-proportionitl 
between S A and S 6, or, 

Sa= -^Ix 6-1 =6-53. 

We can also obtain the value of Sa by the formula 
previously given (1S9), namely, 

log (Sa) = log (SA)-:lI2^=log (7) - '^ 

= -8451 - -03 = -8151 = log. (6-53) 
or, Sa=6'o3 as found above. 

Now draw O A, A' (fig. 157), making an acute angle 
at 0, and take O A' less than O A, as, for p^ jgy 

example, let OA' equal S A' (fig. 156). | 
Take O A equal toSA {fig. 156), and 
O a equal to S a just found, namely 6-53, 
the length of SA being 7. Join A A' 
(fig. 1 57) and A' a ; draw a a' paf^llel to 
A A', a' b parallel to A' a, b b' parallel 
to A A', y c parallel to A' a, and so on ; 
then Oa, Ob, Oc, &c, represent the 
lengths of Sa, S A, S c, &c. (fig. 156). 
Also O a', O y, &c., represent the lengths 
Sa', S6', &c., in the dotted spiral. 

On SA (fig. 156) take Sy equal to 
6-67 on any scale, draw zyx perpen- 
dicular to S y, making ^ 2 and yx each 
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equal to unity on the same scale ; then A K the normal at 
A U parallel to S x. Produce S « to meet the curve at P, 
and the tangent at P is parallel to D C. Also produce S D 
to «, and let S« be 5'67 on any scale, draw uv perpen- 
dicular thereto and equal to unity ou the same scale ; then 

Fv- 168. 




the tangent at A is parallel to S v ; it is also at right-angles 
to the normal A K. Svu represents the angle which the 
tangent and radius-vector make with each other at every 
point OQ this spiral. 

As another example, let AB (fig. 158) be given as 30 
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on any scale, AS equal to 20, BS to 10, the ratio of AS 
to BS being that of 2 to 1 ; then (190) we have 

1-3643 1-3643 



a= 



= 4-53 



log (2) -30103 

which is found by the tables to be the tangent of 77 -SS"*, 
and this is the angle between the tangent and radius-vector 
at every point on the spiral. Take Sy equal to 4-53 on 
any scale, draw xy z perpendicidar thereto, and let xy or 
yz be unity on the same scale ; then the normal AK at A 
is parallel to S ^ ; and if the line S z is produced to meet 
the curve at P, that will be the point where the tangent is 

• • ■ 

parallel to . the axis D C. If we take Sw equal to Sy, or 
to 4-53 on any scale, and draw uv perpendicular and equal 
to y z or to unity on that scale ; then the line S r is parallel 
to the tangent at A. The angle ^vu or S ^ y represents 
the angle (77-55°) which the tangent and radius-vector 
make with each other at all points of the curve. The 
length of S C is a mean-proportional between 20 and 10, or 
is the square-root of their product, 200; this gives SC= 
14-14 ; S 6 is the square-root of 20 x 14*14, or 16-8 ; S a is 
the square-root of 20x16*8, or 18*34. The value of Sa 
can also be found directly from the formula previously given 

("»);. . 

'log(Sa)=log(20).:|^ 

«1-30103« 0376 
=1-26343 ' 

which is found in the tables to be the logarithm of 18-34. 

When SA and Sa (fig. 158) are determined, the other 
points hy c, &c., can be found by drawing O A and A' 
(fig. 159) making an acute-angle, A being taken equal 

M 
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to S A ((i;r. 158), and OA' equal to SA' and less than S A. 
Fi((. i-w. Take Oa equal to Sa, draw A A', 

A' a ; then proceed as before to draw 
succesave paralleb to those two 
lilies, and Ob,Oc, &c., will be equal . 
to S 6, S c, &c (fig. 158). Also O a\ 
O b', &c., will be equal to S a', S b\ 
&c., on the dotted spiral. 

If it is desired to draw the arcs 
A tr, a b, »&c., as aires of circles, the 
normals must be drawn at those 
points, making an angle of 77 'SS" 
with the radii SA, Sff, Si, &«., and 
then the point where the normals at 
A and a intersect will be the centre 
for the arc A a ; the point where the 
normals at a and b meet will be the 
centre for tlie arc ab; and so on. 

19Z. To apply the equiangular-spiral to the formation 
of volutes and other architectural omantents. — In drawing 
volutes the depth AB (fig. 154, 156, 158) and the ratio of 
A S to B S are usually given. The volute can therefore be 
drawn in the manner above described (1S9). 

The point A will not, however, be the highest point of 
the spiral which rises until it reaches P found in the manner 
before described (190), and at this point the tangent is 
parallel to the axis D C. Also if P S is produced to meet 
the curve again at p. the tangent at p will be also parallel 
to I) C, and the point p will be the lowest on the spiral. 

The iipiiid given in figure 154 is a very near approxi- 
uiiUioif to the usual form of Ionic volute, having SA to SB 
«s 10 Ui 7. If ntiothor spii-al A' a' b', as shown by the dotted 
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line, is required, as is the case when tiere iia a fillet or 
moulding on the face, we must proceed as in figure 155, 
taking A equal to S A, O A' to S A' ; Oa,Ob, &c., equal 
to S a, S i, &C., and drawing the parallels we obtain O a', 
i', &C., equal to the required lengths of S a\ S i', &c., and 
the spiral can be drawn in as before. In the same way 
any number of lines consisting of similar spirals can be 
obtained. 

In volutes it is usual to let the innermost convolution of 
the spiral die away into a circular eye (fig. 160). To find 
Fig. 160. 




the centre of this circle draw E P, L P, the normals at two 
consecutive points, meeting in P ; then F is the centre, and 
P E the radius of the required circle which has a common 
tangent with the spiral at B, and PE is very nearly equal 
to the radius of curvature at E. 

An application of this spiral to form the contour of a 
classical ornament is shown in figure 161, in which two 
equal spirals are turned reversed ways E^inst each other, S 
being the focus, CSX the horizontal axis, A S B perpendicu- 
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lar thereto. In this case the ratio of S A to S B 19 that of 4 
to 1, and the value of o, or the tangent of the angle between 
the radius- vector and tangent, is 2'2. Taking S y as unity on 
any scale, yz perpendicular thereto, and equal to 2-2 on 
the same scale, S; will be parallel to AT the tangent at A, 
and also to the tangent at B ; zBy will represent the angle 

FiR. 161. 




between the tangent and radius-vector drawn from S at 
every point on the curve. 

Make the angle BS/) equal to the angle y^S, and p 
will be the lowest point on the curve, the tangent at p 
being parallel to C S X. 

The equiangular-spiral being capable of any amount of 
variation, is the most valuable of all the kaown spirals for 
decorative purposes. 



CHAPTER VI. 
CYCLOIDS. 

193. To describe a cycloid by continuous motion. — Let 
A B (fig. 162) be a straight line, as the edge of a ruler, and 
let a circle of given diameter C D roll along the line. A B ; 
then a pencil fixed at any point on the rolUng circle, start- 

FiR. 163. 




ing from A and returning to the straight line at B after 
having made one whole revolution, will mark out the curve 
A T) B, called the cycloid. 

194. To find points upon the perimeter of the cycloid. — 
Divide the line A C (fig. 162) into eleven equal parts, and 
also the circumference of the half-circle C D into eleven 
equal parts. Let C y be any number, as four, of those 
parts ; draw g P parallel to A B, and take g P equal to A g, 
then P is a point on the cycloid. In the same way as 
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many points can be found on the curve as there are 
divisions on the circl& 

The part of the curve from D to B is exactly similar to 
the i^art from D to A. 

198. To draw tfui tangent and normal at any given point 
on the cycloid. — ^Let P (fig. 162) be the given point on the 
curve. Draw 'Pg parallel to AB cutting the generating 
circle in g\ draw Cg the chord of the circle, and at P 
draw P T parallel to D ^, P T will be the required tangent. 
In the same way the tangent at any other point can be 
found by drawing a line parallel to the corresponding chord 
of the circle. The tangent at I) is parallel to A B, and the 
tangents at A and B are parallel to the diameter C D, or at 
right-angles to A B. 

Since the chord C^ makes a right-angle with gD, the 
normal PN at the point P must be parallel to C^r. In 
this way the normal can be drawn at any point without 
drawing the tangent. The diameter C D is the normal at 
the vertex D, and the line A B is the normal to the curve 
at A and B. 

The normal P N can also be drawn by taking A d on 
A C equal to the arc C (/ on the generating circle, and 
drawing P N through the point d on A C. 

To approximate to the cycloid by means of arcs of circles, 
draw the normals at P and Q, meeting in N, and from N as 
a centre draw the arc PQ. Proceed in the same manner at 
the other points found on the curve, and the arcs of .circles 
drawn from the intersections of consecutive normals as 
<*outn^s will give a curve neaily resembling the cycloid. 
The mdius of curvature has it« greatest value at the vertex 
r> whoro it is equal to twice the diameter CD of the 
jX\MM*nitinjx oiirlc ; the eurvHtuix> being least at the vertex 



CTCLOIDS. 167 

D and increasing towards A and B, at which points the 
radius of curvature is nothing. The length of the radius 
of curvature, PN, at any point P is equal to twice the 
chord Cg of the circle. 

196. Properties and applications of ike cycloid. — The 
length of any arc as D P measured from the vertex D is 
equal to twice the length of the chord D ^ of the generating 
circle, and the whole length of the arc A D or B D is equal 
to twice the diameter C D. The area contained between 
the curve and its base line A B is equal to three times the 
area of the generating circle. 

If we invert the cycloid so as to make its vertex D the 
lowest point, 'A B being kept horizontal, and a ball is 
allowed to fall from any point on the curve and constrained 
to descend in a groove having the form of the cycloid, the 
time of its descent to the lowest point will be the same 
from whatever point on the curve the descent commences ; 
and if a pendulum is made to oscillate in a cycloid, its 
times of oscillation will be the same whatever the length of 
the arc it describes. The cycloid is also the curve of 
quickest descent of a body from one point to another not 
in the same vertical line. 

The cycloid may be used as the contour of an arch, the 
height C D of which is to the span A B in the ratio of 7 to 
22, or of 100 to 314. In this case the normals will repre- 
sent the directions of the joints of the voussoirs of the arch. 

The cycloid is the proper form for the teeth of a rack 
which drives a cogged or pinion wheel, the part from A 
towards P being used for that purpose. 

197. To describe the curve called the companion to the 
cycloid. — ^Let AB (fig. 163) represent the circumference of 
the circle whose diameter is C D, and its centre at 0. Let 
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C be the middle point of A B, and divide A C into eleven 
equal parts, and also the circumference of the semicircle 
into the same number of equal parts. Draw any ordinate 
naN(/P parallel to AC, and make NP equal to D*^ or 
Kg, then P is a point on the required cnrve. 

This curve has a point of contrary-flexure (ISS) at the 
ordinate OE equal to the quadrant of the circle. The 
tangent at E makes half a right-angle, or 45°, with the line 

Hg. 163. 




E O. The tangent at D is parallel to A B, and at A and 
B the line A B is the tangent. 

The tangent at any other point P can be drawn by taking 
O F equal to N i^, and the line F I is parallel to the tangent 
at P. 

This curve can be apphed to form the contour of archi- 
teotural mouldings, such as the ogee or sima, or for an 
o^val arch, of which C D is the half-span, A C the hei^t 

19S. Defcotios. — ^When the pencil is placed at a 
point iciAin the circumference of the generating circle the 
curve marked out is called a trochoid. 

!••- To find points upon a trochoid. — Let A B be the 
line on which rolls the generating drde whose diameter is 
CD 'fiff- 164). Oy the distance from the centre of tbe 
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pencil which describes the curve.' Divide, as' before, the 
line A C into elevea equal parts, and also the semicircle 
C K D. Draw the radii a, O 6, &c. Let the radius d 
cut the inner circle in the point p, draw N/>P parallel to 
AB, and take^^F equal to the arc Dt/, or to the hne Arf; 
then P is a point on the trochoid. Let nv represent the 
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ratio of OE to OC, and make CM equal to the picHluct of 
C O into the fraction (1 - m') ; draw M.qQ, parallel to A C 
cutting the inner circle at q. Join 0^ and produce it to 
meet the generating circle at I ; take qQ, equal to the arc 
D I, and the point Q, will be one of contrary-flexure (155), 
and the tangent at Q is parallel to q. 

The curve has the line FG, parallel to AB, for its 
tangent at F and G ; and the tangent at H is parallel to 
AB. 

Draw K L parallel to A B, meeting the curve at L, 
join H K, and the tangent at L will be parallel to H K. 

200. To describe an epicycloid and hypocycloid. — Let 
the generating cirde move outside the circumference of 
another circle, instead of on a straight-line as in the 
cycloid; then the curve which a pencil on the circura- 
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ference of the rolling circle will mark out is called an 
epicycloid. This curve is used to form the outline of the 
teeth of two cogged wheels which roll upon the outside of 
each other. 

If the generating circle rolls on the innde of the drcum- 
ference of another circle, then a point on its circumference 
marks out the hypocycloid^ which is used to form the outline 
o( the teeth of cogged wheels, one of which rolls on the 
inside of the other. 
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AQRICULTURE. 

66. CLA; I^AUDS and L0AM7 SOn^, by J. IN»i>ldKii. It. 

140. SOILS, HAHUEES, AND CEOPS, bj B. Soott Bum. 2». 

141. PAEMraG, AND FABMINa fiCOHOMY, Hi«torii»l «nd 

Fracticsl, by B. Scott Surn. 3i. 
14a CATTLE, SHEEP, ABD HOESES, by E. Seott Born. 2«. U. 

145. MANAGEMENT OP THB DJJBY— PIGS— POUXTKT. 

b; E. Scott Burn. With Notra on the Diaeana of Stock, \!j 
a TBterinaij Surgeon. 2i. 

146. DTILISATION OP TOWN SEWAGE— lEKIGATIOH— 

EECLAMAIION OP WASTE LAND, bj B. Seott Bora. 

ttat, 140, 141, 143, 145, ani 146 Aflmtf in 9 v6is,, doth boanit, tta- 
LOCKWOOD * CO., T, STATIONEBS* HALL COUBT. 



2 ARCHITECTURAL AND BUILDING WORKS. 



ARCHITECTURE AND BUILDING. 

16. ABCHITBCTUEE, Orderi of, by W. H. Leeds. U. ) In i 

17. Styles of, by T. Talbot Bury. 1*. Qd.jZ^ek. 

18. Principles of Design, by E. L. Garbett. '^. 

Not, 16, 17, and 18 in I vol. doth boards^ 6«. 6d. 

22. BUILDING, the Art of, by E. Dobson. Is, 6d, 

23. BRICK AND TILE MAKING, by E. Dobson. Ss, 

26. MASONRY AND STONE-CUTTING, by E. Dobson. New 
Edition, with Appendix on the Freserration of Stone. 2s. 6^. 

30. DRAINAGE AND SEWAGE OP TOWNS AND BUILD- 
INGS, by G. D. Dempsey. 2«. 
With A 0.29 {See page 4), Drainage of Districts and Lands, Zs, 

36. BLASTING AND QUARRYING OF STONE, &c., by Field- 
Marshal Sir J. F. Burgoyne. Is. 6<2. 

36. DICTIONARY OF TECHNICAL TERMS used by Architecto. 
Builders, Engineers, Suireyors, &o. 4s. ; cloth boards, 6s. 

42. COTTAGE BUILDING, by C. B. Allen. Is. 

44. FOUNDATIONS AND CONCRETE WORKS, by E. Dobson. 
Is. 6<f. « 

46. LIMES, CEMENTS, MORTARS, CONCRETE, MASTICS, 
&c., by G. R. Bupnell, C.E. Is. 6<f. 

67. WARMING AND VENTILATIOJJ, by C.Tomlinson,F.R.S. 3s. 
83*». DOOR LOCKS AND IRON SAFES, by Tomlinson. 2». U. 
111. ARCHES, PIERS, AND BUTTRESSES, by W. Bland. ls.6rf. 
116. ACOUSTICS OF PUBLIC BUILDINGS, by T.R. Smith. U,^. 

123. CARPENTRY AND JOINERY, founded on Robison and 

Tredgold. Is. M, 

123*. ILLUSTRATIVE PLATES to the preceding. 4to. 4s. 6<f. 

124. ROOFS FOR PUBLIC AND PRIVATE BUILDINGS, 

founded on Robison, Price, and Tredgold. Is. 6<2. 

127. ARCHITECTURAL MODELLING IN PAPER, Practical 

Instructions, by T. A. Richardson, Architect. Is. 6<2. 

128. VITRUVIUS'S ARCHITECTURE, translated by J. Gwilt, 

with Plates. 6s. 

130. GRECIAN ARCHITECTURE, Principles of Beauty in, by 
the Earl of Aberdeen. Is. 

Nos. 128 and 130 in I vol, cloth boards, Is. 

132. ERECTION OP DWELLING-HOUSES, with Specifications, 
Quantities of Materials, &o., by S. H. Brooks, 27 Plates. 2s. 6rf. 

166. QUANTITIES AND MEASUREMENTS. With Rules for 
Abstnu^ting, &c. By A. C. Beaton. Is. 6^. 



PUBLISHED BY LOCKWOQD tb CO., 



ARITHMETICAL AND MATHEMATICAL WORKS. 



ARITHMETIC AND MATHEMATICS. 

32. BiLlTHEMATICAL INSTEUMENTS, THEIE CONSTRUC- 
TION, USE, &c., by J. F. Heather. Original Edition in 
1 Yol. U, 6d» 

*»* ifi ordering the above, be careful to say *^ Original Edition " to 
distinguish it from the Enlarged Edition in 3 vols,, advertised 
on page 4k as in preparation, 

HO. LAND AND ENGINEERING SURVEYING, by T. Baker. 2». 

61*. READY RECKONER for the Admeasurement and Valuation 
of Land, by A. Arman. U. 6d. 

76. GEOMETRY, DESCRIPTIVE, with a Theory of Shadows and 
Perspective, and a Description of the Principles and Practice 
of Isometrical Projection, by J. F. Heather. 2s. 

83. COMMERCIAL BOOK-KEEPING, by James Haddon. Is. 

84. ARITHMETIC, with numerous Examples, by J. R. Young. Is. 6d. 
84*. KEY TO THE ABOVE, by J. R. Young. 1*. Gd. 

85. EQUATIONAL ARITHMETIC : including Tables for the 

Calculation of Simple Interest, with Logaritmns for Compound 
Interest and Annuities, by W. Hipsley. 1*. 
85*. SUPPLEMENT TO THE ABOVE, Is. 

85 and 85* in 1 vol., 2s. 

86. ALGEBRA, by J. Haddon. 2s. 

86». KEY AND COMPANION to the above, by J. R. Young. Is. &d. 
88. THE ELEMENTS OF EUCLID, with Additional Propositions, 
and Essay on Logic, by H. Law. 2s. 

90. ANALYTICAL GEOMETRY AND CONIC SECTIONS, by 

J. Hann. Entirely New Edition, improved and re- written 
by J. R. Young. [In preparation. 

91. PLANE TRIG0N0BO)TRY, by J. Hann. Is. 

92. SPHERICAL TRIGONOMETRY, by J. Hann. Is. 

Has. 91 arui 92 in I vol., 2s. 

93. MENSURATION, by T. Baker. Is. 6d. 

94. MATHEMATICAL TABLES, LOGARITHMS, with Tables of 

Natural Sines, Cosines, and Tangents, by H. Law, C.E. 28. 6(2. 

101. DIFFERENTIAL CALCULUS, by W. S. B. Woolhouse. Is, 
101*. WEIGHTS, MEASURES, AND MONEYS OF ALL 

NATIONS ; with the Principles which determine the Rate of 
Exchange, by W. S, B. Woolhouse. Is. 6d. 

102. INTEGRAL CALCULUS, RUDIMENTS, by H. Cox, B.A. Is. 

103. INTEGRAL CALCULUS, Examples on, by J. Hann. is. 

104. DIFFERENTIAL CALCULUS, Examples, bv J. Haddon. Is. 

105. ALGEBRA, GEOMETRY, and TRIGONOMETRY, in Easy 

Mnemonical Lessons, by the Rev. T. P. Kirkman. \s. 6d. 
117. SUBTERRANEOUS SURVEYING, AND THE MAG- 
NETIC VARIATION OF THE NEEDLE, by T. Fenwick. 
with Additions by T. Baker. 2s. 6<2. 

7, STATIONERS' HALL COURT, LUDGATE HILL. 



CIVIL EITGINEERIira WOBKS. 



131. fLEADT-RRCKOKEB FOIL MHiLETtfl, FAHMEBS, AND 
MERCHANTS, ■howinc the Value d( any Quantity of Corn, 
with the Approxiiiiata Vuoee of Mill-stouM & Mill Work. Is. 

136. BUDIMENTABY ASITHMETIC, hj J. Haddon, edited by 

A. Armaii. 1«. 6d. 

137. KEY TO THE ABOVE, bj A. Annan. U. 6d. 

147. STEPPINa STONE TO ABFTHMETIC, by A. Arman. Is. 

148. KEY TO THE ABOVE, bj A. Annan. Is. 

168. THE SLIDE BULE. AND HOW TO USE IT. With 
Slide Bole in a pocket of ooyer. 3«. 

♦^* Nino Vdumss in preparation : — 

DBAWIKO AND MEASUBINO INSTBUMENTS. In- 
cluding — InstrumentB employed in Geometrical and Mecha- 
nical Drawing, the Construction, Copying, and Measurement 
of Maps, Plans, &c., by J. F. Hbatheb, M.A. [Just ready, 

OPTICAL INSTBUMENTS, moie es^ially Telescopes, 
Microscopes, and Apparatus for producing copies of Maps 
and Plans by Photography, by J. F. Hbathxb, M.A. 

[Just ready. 

SUBVEYING AND ASTBONOMICAL INSTBUMENTS. 
Including — Instruments Used for Determining the G^me- 
trical Features of a portion of Ground, and in Astronomical 
Obserrations, by J. F. Heather, M.A. [Jtut ready. 

* » * The above three volumes form an enlargement of the Author's 
original work, ^* Mathematical Instruments" the Tenth Edition 
of which (No, 32) is still on sale, price Is. 6d. 

PBACTICAL PLANE GEOMETBY: Giving the Simplest 
Modes of Constructing Figures contained in one Plane, by 
J. F. Heather, M.A. 

PROJECTION, Orthomphic, Topographic, and Perspective: 
giving the various modes of Delineating Solid Forms by Con- 
straotious on a Single Plane Surface, by J. F. Heather, M.A. 

*»* The above two volumes, with the Author* s work already in 
the Series, "Descriptive Geometry," will form a complete Ele- 
mentary Course of Mathematical Ihrawing, 



CIVIL ENQINEERINQ. 



13. CIVIL ENGINEEBING, by H. Law and G. B. Bumell. Fifth 
Edition, with Additions, bs. 

29. DBAINAGE OF DISTBICTS AND LANDS, by G.D.Dompsey. 
\s. 6^. 
With No, 80 (^Seepage 2), Drainage and Seuxxge of Tbwiu, Zs, 



PUBLISHED BY LOCKWOOD 4 CO. 



WORKS IN FINE AKTS, ETC. 



81. WELL-SINKINO, BORING, AND PUMP WORK, by J. G. 

Swindell, revised by G. R. Bornell. Is. 
43. TUBULAR AND IRON GIRDER BRIDGES, induding the 

Britannia and Conway Bridges, by G. D. Dempsey. Is. 6d. 

46. ROAD-BiAKING AND MAINTENANCE OF MACADA- 

MISED ROADS, by Field-Marshal Sir J. F. Burgoyne. 1*. 6<i. 

47. LIGHTHOUSES, their Construction and Illumination, by Alan 

SteTonson Ss 
62. RAILWAY CONSTRUCTION, by Sir M. Stephenson. With 

Additions by E. Nugent, C J!. 2«. 6<j. 
62». RAILWAY CAPITAL AND DIVIDBNDS, with Statistics of 

Working, by E. D. Chattaway. Is. 

Ab. 62 and 62* in 1 vol, 3s. M. 

80«. EMBANKING LANDS FROM THE SEA, by J.Wiggins. 2«. 
82»». GAS WORKS, and the PRACTICE of MANUFACTURING 

and DISTRIBUTING COAL GAS, by S. Hughes. Ss^ 
82«Hi. WATER- WORKS FOR THE SUPPLY OF CITIES AND 

TOWNS, by S. Hughes, C.E. 3s. 
118. CIVIL ENGINEERING OF NORTH AMERICA, by D. 

Stevenson. 3*. 

120. HYDRAULIC ENGINEERING, by G. R. Burnell. Ss. 

121. RIVERS AND TORRENTS, with the Method of Regulating 

their Course and Channels, Navigable Canals, &c., from the 
Italian of Paul Frisi. 28. 6d. 



EMIGRATION. 

164. GENERAL HINTS TO EMIGRANTS. 2«. 

157. EMIGRANT'S GUIDE TO NATAL, by R. J. Mann, M.D. 2s. 

159. EMIGRANT'S GUIDE TO NEW SOUTH WALES, 

WESTERN AUSTRALIA, SOUTH AUSTRALIA, VIC- 
TORIA, AND QUEENSLAND, by James Baird,B.A. 2s. 6d. 

160. EMIGRANT'S GUIDE TO TASMANIA AND NEW ZEA- 

LAND, by James Baird, B.A. [/it Fnparation. 



FINE ARTS. 

20. PERSPECTIVE, by George Pyne. 2s. 

27. PAINTING ; or, A GRAMMAR OF COLOURING, by G. 
Field. 2*. 

40. GLASS STAINING, by Dr. M. A. Gessert, with an Appendix 

on the Art of Enamel Painting, &c. Is. 

41. PAINTING ON GLASS, from the German of Fromberg. U, 
69. MUSIC, Treatise on, by C. C. Spencer. 2*. 

71. THE ART OF PLAYING THE PIANOFORTE, by 0. C. 
Spencer. Is. 

7, STATIONERS' HALL COURT, LUDGATE HILL. 



WORKS nr MECHANICS, ETC. 



LEGAL TREATISES. 

60. LAW OF CONTRACTS FOB WORKS AND SERVICES, 

by David Gibbons. Is. 6d. 
107. THE COUNTY CbURT GUIDE, by a Baprister. U, 6d, 
lOb. METROPOLIS LOCAL MANAGEMENT ACTS. is. 6d. 
108*. METROPOLIS LOCAL MANAGEMENT AMENDMENT 

ACT, 1862; with Notes and Index. Is. 
JNos. 108 and 108* in 1 vo/., 2s. 6d. 

109. NUISANCES REMOVAL AND DISEASES PREVENTION 

AMENDMENT ACT 1*. 

110. RECENT LEGISLATIVB ACTS applying to Contractors, 

Merchants, and Tradesmen. Is. 

151. THE LAW OF FRIENDLY, PROVIDENT, BUILDING, 
AND LOAN SOCIETIES, by N. White. U. 

163. THE LAW OF PATENTS FOR INVENTIONS, by F. W. 
Campin, Barrister. 2s. 



MECHANICS & MECHANICAL ENGINEERING. 

6. MECHANICS, by Charles Tomlinson. Is. Gd. 
12. PNEUMATICS, by Charles Tomlinson. New Edition. Is. 6d. 

33. CRANES AND MACHINERY FOR RAISING HEAVY 

BODIES, the Art of Constructing, by J. Glynn. 1«. 

34. STEAM ENGINE, by Dr. Lardner. 1*. 

69. STEAM BOILERS, their Construction and Management, by 
R. Armstrong. With Additions by R. Mallet. Is. 6d. 

63. AGRICULTURAL ENGINEERING, BUILDINGS, MOTIVE 
POWERS, FIELD MACHINES, MACHINERY AND 
IMPLEMENTS, by G. H. Andrews, C.E. Ss. 

67. CLOCKS, WATCHES, AND BELLS, l^y E. B. Denison. New 
Edition, with Appendix. Ss. i^d. 

Appendix {to the 4th and 5tk Editions i separately ^ \s. 

77». ECONOMY OF FUEL, by 1 . S. Prideaux. is. U. 

78*. THE LOCOMOTIVE ENGINE, bv G. D. Dempsey. is. 6<f. 

79*. ILLUSTRATIONS TO THE ABOVE. 4to. 4«. M. 

80. MARINE ENGINES, AND STEAM VESSELS. AND THE 
SCREW, by Robert Murray, C.E., Engineer Surveyor to the 
Board of Trade. Fifth Edition, revised and augmented, with 
a Glossary of Technical Terms, with their equivalents in 
French, German, and Spanish. 3s. 

82. WATER POWER, as applied to Mills, &c., by J. Glynn. 2». 

97. STATICS AND DYNAMICS, bvT. Bilker. New Edition. U.6rf. 

98. MECHANISM AND MACHINE TOOLS, by T.Baker; and 

TOOT^ AND MACHINERY, bv J. Naamyth. 2s. 6rf. 
113*. MEMOIR ON SWORDS, by Col. Marey, translated by Lieut.- 
Col. H. H. Maxwell, is. 



I 



I 



PUBLISHED BY LOCKWOOD & CO., 



NAVIGATION AND NAUTICAL WORKS. 



114. MACHINEBY, Constructioxiuid Working, by CD. AbeLl«.6<i. 

115. PLATES TO THE ABOVE. 4to. 7s, 6d. 

126. COMBUSTION OF COAL, AND THE PKEVENTION OF 
SMOKE, by C. Wye WiUiama. M.I.C.E. 3». 

139. STEAM ENGINE, Mathematical Theory of, by T.Baker. 1«. 

165. ENGINEEB'S GUIDE TO THE BOYAL AND MER- 
CANTILE NAVIES, by a Piactioal Engineer. Bevised by 
D. F. McCarthy. Ss. 

162. THE BRASSFOUNDER'S MANUAL, by W.Graham. 28, Qd. 

16i. MODERN WORKSHOP PRACTICE. By J.G.Winton. 3s. 

*^* Xew Volumes in preparation : — 

IRON AND HEAT, Exhibiting the Principli* concerned in 
the Construction of Iron Beams, Pillars, and Bridge Girders, 
and the Action of Heat in the Smelting Furnace, by Jamrs 
Armour, C.E. Woodcuts. [Just ready. 

POWER IN MOTION: Horse Power, Motion, Toothed Wheel 
Goring, Long and Short Driving Bands, Angular Forces, &c., 
by Jamks Armour, C.E. With 73 Diagrams. [/« the press. 

THE APPLICATION of IRON to BUILDING STRUC- 
TUBES, &c., by Francis Campin, C.E. With Illustrations. 

[Ifi the press. 

THE WORKMAN'S MANUAL OF ENGESEERING 
DRAWING, by John Maxton, Instructor in Engineering 
Drawing, Royal School of Naval Architecture and Marine 
Engineering, South Kensington. Plates and Diagrams. 

[In the press. 

MINING TOOLS. For the Use of Mine Manaeers, Agents, 
Mining Students, &c , by William Morgans, Lecturer on 
Practical Mining at the Bristol School of Mines. 12mo. With 
an Atlas of Plates, containing 200 Hluatrations. 4to. 

[In the press. 

TREATISE ON THE METALLURGY OF IRON ; con- 
taining Outlines of the History of Iron Manufacture, Methods 
of Assay, and Analysis of Iron Ores, Processes of Muiufacture 
of Iron and Steel, &c., by H. Bauerman, F.G.S., A.R.S.M. 
Second Edition, revised and enlarged. Numerous Woodcuts. 



, NAVIGATION AND SHIP-BUILDING. 

51. NAVAL ARCHITECTURE, by J. Peake. 3*. 
53*. SHIPS FOR OCEAN AND RIVER SERVICE, Construction 
of, by Captain H. A. Sommerfeldt. Is. 
! 63»*. ATLAS OF 15 PLATES TO THE ABOVE, Drawn for 

' Practice. 4to. 7s. Qd. 

64. MASTING, MAST-liLlKING, and RIGGING OF SHIPS, 
by R. Kipping. Is. 6<2. 

i 

I 7, STATIONERS' HALL COURT, LUDGATE HILL. 
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EDUCATIONAL WORKS. 



26. 
26. 



27. 
28. 

30. 
32. 



34. 
36. 



39. 
40. 
41. 

42. 
43. 



44. 



FEKNOH DIOTIONABY, by A. Elwee. Vol. 1. French— 

English. If. 
Vol.2. English — French. 1«. 6rf. 

Complete in 1 toI. 2s. 6rf. ; cloth boards, Ss. Qd. 

'■ , with Qrammar. Cloth bds. 4«. 6d, 

ITALIAN GRAMMAR, by A. Elwes. U. 

TRIGLOT DICTIONARY, by A. Elwes. Vol. 1. 

Italian — ^English — French. 2«. 

Vol. 2. English — French — Italian. 2«. 

Vol. 3. French— Italian— English. 28, 

Complete in 1 vol. Cloth boards, 7«. t)<i. 

, with Grammar. Cloth bds. 8«. Gd. 

SPANISH GRAMMAR, by A. Elwes. 1«. 

ENGLISH AND ENGLISH-SPANISH DIC- 
TIONARY, by A. Elwes. 4«. ; cloth boards, 6#. 

, with Grammar. Cloth boards, 6s. 

GERMAN GRAMMAR, by G. L. Strauss. U. 

READER, from best Authors. 1 «. 

TRIGLOT DICTIONARY, by N.E. S. A. Hamilton. 

VoLl. English — German — ^French. U. 

Vol. 2. German — ^French — English. 1«. 

Vol. 3. French — German — ^English. 1«. 

Complete in 1 yol. Ss. ; cloth boards, 4#. 

with Grammar. Cloth boards, 5«. 



46. 

46*. 

47. 

48. 

49. 

60. 



HEBREW DICTIONARY, by Dr. Bresslau. Vol. 1. Hebrew 

—English. 6«. 

, with Ghnunmar. 7«. 

Vol. 2. English— Hebrew. Ss, 

Complete, with Grammar, in 2 toIb. Cloth boards, 12#. 

GRAMMAR, by Dr. Bresslau. 1#. 

FRENCH AND ENGLISH PHRASE BOOK. 1#. 
COMPOSITION AND PUNCTUATION, by J. Brenan. U. 
DERIVATIVE SPELLING BOOK, by J. Eowbotham. l#.6rf. 
DATES AND EVENTS. A Tabular View of EngUsh History, 

with Tabular G^graphy, by Edgar H. Rand, [/n Freparaiion. 



NEW BEADINO BOOKS, 

AdapUd to the SequiremeHts of the Reriaed Oode^ entitled 

THE SCHOOL MANAGERS' SERIES. 

Edited hj the Rer. A. R. Grant, Rector of Hitcham, and Honorary 

Canon of Ely ; formerly H.M. Inspector of Schools. 

s, d. \ a, d. 

First Stjlkbard ...03; Fourth Standard ... 10 

Srcond „ ....06' Fifth „ ... 1 

Third „ .... 8 Sctth 12 



II 



n 



PUBLISHED BY LOCKWOOD k CO. 



EDDCATIONAL AND CLASSICAL WORKS. 11 



AND LATIN CLASSICS. 

With Explanatory Notes in Engliabu 



LATIN SERIES. 

1. A NEW LATIN BELEOrnS, with YoGabalarieB and 

Notes, by H. Young U, 

2. C^SAR. Be Bello Gallioo ; Notes by H. Young . . 2«. 

3. CORNELIUS NEPOS; Notes by H. Young . . . 1*. 

4. VIRGIL. The G^rgics, Bucolics, and Doubtful Poons; 

Notes by W. Bushton, MA., and H. Young . U, 6d. 

6. VIRGIL, ^neid ; Notes by H. Young . . . 2». 

6. HOBACE. Odes, Epodes, and Carmen Seoulare, by H. Young Is, 

7. HORACE. Satires and Epistles, by W. B. Smith, M. A. Is, Qd, 

8. SALLXJST. Catiline and Jugurthine War; Notes by 

W. M. Donne, B.A 1«. 6d. 

9. TERENCE. Andria and Heautontimorumenos ; Notes by 

the Rev. J. Davies, MA ls,ed, 

10. TERENCE. Adelphi, Hecyra, and Phormio; Notes by 

the Rev. J. Davies, MA 2s, 

11. TERENCE. EunuchuB, by Rev. J. Davies, M.A. . Is, 6d. 

Ncs, 9, 10, and 11 ui 1 rol, cioth boards, 0c. 

12. CICERO. Oratio Pro Sexto Roscio Amerino. Edited, 

. with Notes, &c., by J. Davies, MA. {Just ready,) . . Is, 

14. CICERO. De Amicitia, de Senectute, and Brutus ; Notes 

by the Rev. W. B. Smith, MA 2s, 

16. LIVY. Books i., ii., by H. Young . . . ,ls,6d, 
16*. LIVY. Books iii., iv., v., by H. Young . . , Is, 6d, 

17. LIVY. Books xxi., xxii., by W. B. Smith, M.A. . Is, 6d, 

19. CATULLUS, TEBULLUS, OVED, and PROPBRTIUS, 

Selections from, by W. Bodham Donne . . . , 2s, 

20. SUETONIUS and the later Latin Writers, Selections from, 

by W. Bodham Donne 2s» 

21. THE SATIRES OF JUVENAL, by T. H. S. Escott, M.A., 

of Queen's College, Oiford ls,6d, 

7, STATIONERS' HALL COURT, LUDGATE HILL. 



12 EDUCATIONAL AND CLASSICAL WORKS. 



GREEK SERIES. 



1. A NBW GBEBK DBLBCTUS, by H. Young • 1«. 

2. XENOFHON. Anabasis, i. ii. iii., by H. Young . . Is. 

3. ZBNOPHON. Anabasis, iy. t. yi. yii., by H. Young • Is. 

4. LUCIAN. Select Dialogues, by H. Young . . .Is. 
6. HOMER. lUad, i. to yi., by T. H. L. Leary, D.CX. Is. Qd, 

6. HOMER, niad, yii. to xii., by T. H. L. Leary, D.C.L. Is. 6rf. 

7. HOMER, niad, xiii. to xyiii., by T.H. L. Leary, D.CX. Is. 6d. 

8. HOMER. Iliad, xix. to xxiy., by T. H. L. Leary, D.C.L. Is. ed, 

9. HOMER. Odyssey, i. to yi., by T. H. L. Leary, D.C.L. Is. ed. 

10. HOMER. Odyssey, yii. to xii., by T. H. L. Leary, D.CX. Is. 64. 

11. HOMER. Odyssey,xiii.toxviii.,byT.H.L.Leary,D.C.i:i.ls.6rf. 

12. HOMER. Odyssey, xix. to xxiy. ; and Hymns, by T. H. L. 

Leary, D.C.L 2s. 

15. PLATO. Apologia, Crito, and Fhiedo, by J. Dayies, MA. 2s. 
14. HERODOTUS, Books i. ii., by T. H. L. Leary, D.CX. Is. ed. 

16. HERODOTUS, Books iii. iv., by T. H. L. Leary, D.C.L. Is. ed. 

16. HERODOTUS, Books y. yi. yii., by T. H. L. Leary, D.CL. Is. ed. 

17. HERODOTUS, Books yiii. ix., and Index, by T. H. L. 

Leary, D.CL Is. 6c2. 

18. SOPHOCLES. OBdipuB Tyrannus, by H. Young . . . Is. 
20. SOPHOCLES. Antigone, by J. Milner, B JL. ... 2s. 
23. EURIPIDES. Heouba and Medea, by W. B. Smith, M^A. Is. 6<;. 
26. EURIPIDES. Alcestis, by J. Milner, B.A. . . .Is. 
30. iESCHYLUS. PromedieuB Yinctus, by J. Dayiee, M. A. . Is. 
82. ^SCHYLUS. Septem contra Thebas, by J. Dayiee, M.A. Is. 

40. ARISTOPHANES. Achamensee, by C. S. D. Townshend, 

M.A Is. 64. 

41. THUCYDIDES. Peloponnesian War. Book i.,byH. Young Is. 

42. XENOPHON. Panegyric on Ageailaus, by LI. P. W.Jewitt ls.6rf. 



LOCKWOOD A CO., 7, STATIONERS' HALL COURT. 



London, Aprils 1871. 



OF 



NEW & STANDARD WORKS 

IN 

ENGINEERING, ARCHITECTURE, 
AGRICULTURE, MATHEMATICS, MECHANICS, 

SCIENCE, &c. &c. 

PUBUSHKD BY 

LOGKWOOD & CO., 

7, STATIONERS'-HALL COURT, LUDGATE HILL, E.C. 



ENGINEERING, SURVEYING, &c. 

f 

Humbers New Work on Water-Supply. 

A COMPREHENSIVE TREATISE on the WATER-SUPPLY 
of CITIES and TOWNS. By William Humber, Assoc. Inst. 
C.E., and M. Inst. M.E. Author of "Cast and Wrought Iron 
Bridge Construction," &c. &c. This work, it is expected, will con- 
tain about 50 Double Plates, and upwards of 300 pages of Text. 
Imp. 4to, half bound in morocco. [In the press. 

*»* In accumulating information for this volume^ the Author has 
been very liberally assisted by several professional friends, who have 
made this department of engineering their special study. He has thus 
been in a position to prepare a work which, within the limits of a 
single volume, will supply the recuier with the most complete and 
reliable information upon all subjects, theoretical and practical, con- 
nected with water supply. Through the kindness of Messrs, Ander- 
son, Bateman, Ha^vksley, Homersham, Baldwin Latham, Lawson, 
Milne, Quick, Rawlinson, Simpson, and others, several works, con- 
structed and in course of construction, from the designs of these gentle- 
's^ men, will be fully illustrated and described, 

! AMONGST OTHKR IMPORTANT SUBJECTS THE FOLLOWING WILL BB TREATED 

IN THE text:— 

Historical Sketch of the means that have been proposed and adopted for the Supply 
of Water. — ^Water and the Foreign Matter usually associated witn it. — Rainfall and 
I Evaporation. — Springs and Subterranean Lakes. — Hydraulics. — ^The Selection of 

I Sites for Water Works. — Wells. — Reservoirs. — Filtration and Filter Beds. — Reservoir 

and Filter Bed Appendages. — Pumps and Appendages. — Pumping Machinery.— 
j Culverts and Conduits, Aqueducts, Syphons, &c. — Distribution of Water. — ^Watcr 

I Meters and general House Fittings. — Cost of Works for the Supply of Water. — Con- 

stant and Intermittent Supply. — Suggestions for preparing Plans, &c. &c., together 
with a Description of the numerous Works illustrated, viz : — ^Aberdeen, Bideford, 
Cockermouth, Dublin, Glasgow, Loch Katrine, Liverpool, Manchester, Rotherham, 
Sunderland, and several others ; with copies of the Contract, Drawings, and Specifi- 
cation in each case. 
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Humbers Modern Engineering. First Series. 

A RECORD of the PROGRESS of MODERN ENGINEER- 
ING, 1^3. Comprising Civil, Mechanical, Marine, Hydranlic^ 
Railway, Bridge, ai^d other Engineering Worics, Jkc Bj Wiluam 
H UMBER, Assoc Inst C.E., &c. Imp. 410, with 36 Doable 
Plates, drawn to a lai^re scale, and Photographic Portrait of John 
Hawkshaw, C.E., F.R.S., && Price 3/. ^r. half morocco. 

List cf the Plate, 

NAMB AND DBSCSIPTION. PLATES. NAMK OF KXGDnCEK. 

Victoria Sution and Roof— L. B.&S. C SaiL i to 8 Mr. R. Jacomb Hood, CE. 

Southport Pier 9 and 10 Mr. James Brunlees, C.E. 

Victoria Station and Roof— L. C. & D. & G. W. 

Railways xztozjA. Mi: John Fowier, C.£. 

Roof of Cremorne Music Hall 16 Mr. William Homber, C.E. 

Bridge over G. N. Raflway 17 Mr. Joseph Cabitt, CE. 

Roof of Station — Dutch Rhenish Railway .. zSandxg Mr. Eoschedi, CE. 

Bridge over the Thames— West London Ex- 

tension Railway ao to 24 Mr. William Baker, CE. 

Armour Plates 35 Mr. James Chalmers, CE. 

Suspension Bridge, Thames 361039 Mr. Peter W. Bailow, CE. 

The Allen Engine 30 Mr. G. T. Porter, ME. 

Suspension Bridge, Avon 3^ to 33 Mr. John Hawkshaw, CE. 

and W. H. Bariow, C.E. 

Underground Railway 34(036 Mr. John Fowler, CE. 

With copious Descriptive Letterpress, Specifications, &c 



" Handsomely lithographed and printed. It will find &yoar with many who desire 
to preserve in a permanent form copies of the plans and spedficadons pcepared for the 
guidance of the contractors for many important engineering woriu." — Engineer. 

Humberts Modern Engineering. Second Series. 

A RECORD of the PROGRESS of MODERN ENGINEER- 
ING, 1864; with Photc^japhic Portrait of Robert Stephenson, 
C. £. , M. P. , F. R. S. , &c Price 3/. 3^. half morocco. 

List of the Plata. 

NAMK AlfD DBSCWPTION. PLATES. NAMK OF ENGINKBR. 

Birkenhead Docks, Low Water Basin x to 15 Mr. G. F. Lyster, CE. 

Charing Cross Station Roof— C. C. Railway. x6 to 18 Mr. Hawksliaw, C.E. 

Digswell Viaduct— Great Northern Railway. 19 Mr. J. Cubitt, C.E. 

Robbery Wood Viaduct— Great N. Railway. 30 Mr. J. Cubiu, CE. 

Iron Permanent Way aoa — — 

Clydach Viaduct — Merthyr, Tredegar, and 

Abergavenny Railway si Mr. Gardner, CE. 

Ebbw Viaduct ditto ditto ditto aa Mr. Gardner, CE. 

College Wood Viaduct— Cornwall Railway . . 33 Mr. Brunei. 

Dublin Winter Palace Roof 34 to 36 Messrs. Ordish & Le Feuvre. 

Bridge over the Thames — L. C. & D. Railw. 37 to 33 Mr. J. Cubitt, C.E. 

Albert Harbour, Greenock 33 to 36 Messrs. Bell & Miller. 

With copious Descriptive Letterpress, Specifications, &c. 



*' A rviwrn/of all flie more interesting and important works lately completed in Great 
Britain ; and containing, as it does, carefully executed drawings, with full working 
details, will be found a valuable accessory to the profession at Urge/' — Engineer^ 

" Mr. Humber has done the profession good and true service, by the fine collection 
of examples he has here brougnt before the profession and the public" — Practical 
Mtchanic'M Jonmah 
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Humberts Modern Engineering. Third Series. 

A RECORD of the PROGRESS of MODERN ENGINEER- 
ING, 1865. Imp. 4to, with 40 Double Plates, drawn to a large 
scale, and Photographic Portrait of J. R. M 'Clean, Esq., late Pre- 
sident of the Institution of Civil Engineers. Price 3/. 3x. half 
morocco. 

List 0/ Plata and Diagrams, 



Bridge over River Lea. 
Bridge over River Lea. 



MAIN DRAINAGE, METROPOLIS. 

North Side. 

Map showing Interception of Sewers. 
Middle Level Sewer. Sewer under Re- 
gent's Canal. 
Middle Level Sewer. Junction with Fleet 

Ditch. 
Outfall Sewer. Bridge over River Lea. 

Elevation. 
Outfall Sewer. 

Details. 
Outfall Sewer. 

Details. 
Outfall Sewer. Bridges over Marsh Lane, 

North Woolwich Railway, and Bow and 

Barking Railway Junction. 
Outfall Sewer. Bridge over Bow and 

Barking Railway. Elevation. 
Outfall Sewer. Bridge over Bow and 

Barking Railway. Details. 
Outfall Sewer. Bridge over Bow and 

Barking Railway. Details. 
Outfall Sewer. Bridge over East London 

Waterworks' Feeder. Elevation. 
Outfall Sewer. Bridge over East London 
Feeder. Details. 
Reservoir. Plan. 
Reservoir. Section. 
Tumbling Bay and Outlet. 
Penstocks. 



Waterworks' 
Outfall Sewer. 
Outfall Sewer. 
Outfall Sewer. 
Outfall Sewer. 



South Side. 

Outfall Sewer. Bermondsey Branch. 

Outfall Sewer. Bermondsey Branch. 

Outfall Sewer. Reservoir and Outlet 
Plan. 



MAIN DRAINAGE, METROPOLIS, 

continued — 

Outfall Sewer. Reservoir and Outlet. 

Details. 
Outfall Sewer. Reservoir and Oudet. 

Details. 
Outfall Sewer. Reservoir and Outlet. 

Details. 
Outfall Sewer. Fildi Hoist. 
Sections of Sewers (North and South 

Sides). 

THAMES EMBANKMENT. 

Section of River Wall, 
Steam-boat Pier, Westminster. Elevation. 
Steam-boat Pier, Westminster. Details. 
Landing Stairs between Charing Cross 

and Waterloo Bridges. 
York Gate. Front Elevadon. 
York Gate. Side Elevation and Details. 
Overflow and Outlet at Savoy Street Sewer. 

Details. 
Overflow and Outlet at Savoy Street Sewer. 

Penstock. 
Overflow and Outlet at Savoy Street Sewer. 

Penstock. 
Steam-boat Pier, Waterloo Bridge. Eleva- 
tion. 
Steam-boat Pier, Waterloo Bridge. 

tails. 
Steam-boat Pier, Waterloo Bridge. 

tails. 

Junction of Sewers. Plans and Sections. 
GulUes. Plans and SecUons. 
Rolling Stock. 
Granite and Iron Forts. 



De- 
De- 



With copious Descriptive Letterpress, Specifications, &c. 



Opinions of the Press, 

" Mr. Humberts works— especially his annual * Record,* with which so many of our 

readers are now familiar — fill a void occupied by no other branch of literature 

The drawings have a constantly increasing value, and whoever desires to possess clear 
representations of the two great works carried out by our Metropolitan Board will 
obtain Mr. number's last volume.'*— -£«^W^«^. 

** No engineer, architect, or contractor should fail to preserve these records of works 
which, for magnitude, have not their parallel in the present day, no student in the 
profession but should carefully study the details of these great works, which he may be 
one day called upon to imitate." — Mechanics^ Magazine. 

"A work highly creditable to the industry of its author. . . . The volume is quite 
an ' encyclopaedia for the study of the student who desires to master the subject of 
municipal drainage on its scale of greatest development."— /'riKr/wra/ Meckanuft 
Journal, 
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Humberts Modern Engineering. Fourth Series. 

A RECORD of the PROGRESS of MODERN ENGINEER- 
ING, 1866. Imp. 4to, with 36 Double Plates, drawn to a large 
scale, and Photographic Portrait of John Fowler, Esq., President 
of the Institution of Civil Engineers. Price 3/. 3^. half-morocco. 

List of the Plates and Diagrams, . 

NAMB AND DESCRIPTION. PLATES. NAME OP ENGINEER. 

Abbey Mills Pumping Station, Main Drainage, 

Metropolis x to 4 Mr. Bazalgette, C.E. 

Barrow Docks 5 to 9 Messrs. MAi^lean & Stillmaa, 

Manquis Viaduct, Santiago and Valparaiso [C.E. 

Railway xo, ix Mr. W. Loyd, C.E. 

Adams' Locomotive, St Helen's Canal Railw. xa, X3 Mr. H. Cross, C.E. 
Cannon Street Station Roof, Charing Cross 

Railway 14 to x6 Mr. J. Hawkshaw, CEL 

Road Bridge over the River Moka Z7> 18 Mr. H. Wakefield, CE. 

Tel^japhic Apparatus for Mesopotamia .... xg Mr. Siemens, C.E. 

Viaduct over the River Wye, Midland Railw. 20 to 2a Mr. W. H. Barlow, C.E. 

St. Germans Viaduct. Cornwall Railway .... 23, 24 Mr. Bnmd, C.E. 

Wrought- Iron Cylinder for Diving Bell 25 Mr. J. Coode, C.E. 

Millwall Docks 26 to 31 Messrs. J. Fowler, C.E., and 

William WUson, a £. 

Milroy's Patent Excavator 3a Mr. Milroy, C £. 

Metropolitan District Railway 33 to 38 Mr. J. Fowler, Engineer-in- 

Chief, and Mr. T. M. 
Johnson, C.E. 
Harbours, Ports, and Breakwaters a to c 

The Letterpress comprises — 

A concluding article on Harbours, Ports, and Breaki^'aters, with 
Illustrations and detailed descriptions of the Breakwater at Cher- 
bourg, and other important modem works ; an article on the 
Telegraph Lines of Mesopotamia ; a full description of the Wrought- 
iron Diving Cylinder for Ceylon, the circumstances under which it 
was used, and the means of working it ; full description of the 
Millwall Docks ; &c., &c., &c 



Opinions of the Press, 

" Mr. Humber*s ' Record of Modem Engineering' is a work of jieculiar value, as 
well to those who design as to those who study the art of engineering construction. 
It embodies a vast amount of practical information in die form of fuU descriptions and 
working drawings of all the most recent and noteworthy engineering works. The 
plates are excellently lithographed, and the present volume of the ' Record ' is not a 
whit behind its predecessors." — Afeckania? magaxhu. 

"We gladly welcome another year's issue of this valuable publication from the able 
pen of Mr.^ Humber. The accuracy and general excellence of this work are well 
known, while its usefulne^ in giving the measurements and details of some of the 
latest examples of enjj^ineering, as carried out by the most eminent men in the profes- 
sion, cannot be too highly prized." — ArftMom, 

** The volume forms a valuable companion to those which have preceded it, and 
cannot fail to prove a most important addition to every engineering library." — Miming 

" No one of Mr. Humber*s volumes was bad ; all were worth thdr cost, from the 
mass of plates from well-executed drawings which they contain^ In this respect, 
perhaps, this last volume is the most valuable that the auUun- has produced.*— /insc- 
ticai Mtcktmics* yvurumi^ 
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Humberts Great Work on Bridge Constrttction. 

A COMPLETE and PRACTICAL TREATISE on CAST and 
WROUGHT-IRON BRIDGE CONSTRUCTION, including 
Iron Foundations. In Three Parts — Theoretical, Practical, and 
Descriptive. By William Humber, Assoc. Inst. C. E. , and M. Inst 
M.E. Third Edition, revised and much improved, with 115 Double 
Plates (20 of which now 6rst appear in this edition), and numerous 
additions to the Text. In 2 vols. imp. 4to., price 6/. i6j. dd, half- 
bound in morocco. {^Recently published. 

*' A very valuable coiitributlon to the standard literature of civil engineering. In 
addition to elevations, plans, and sections, lai^e scale details are given, which very 
much enhance the instructive worth of these illustrations. No engixeer would wil- 
lingly be without so valuable a fund of information. " — Civil Engineer and A rckitecfs 
journal. 

^ " The First or Theoretical Part contains mathematical investigations of the prin- 
ciples involved in the various forms now adopted in bridge construction. These 
investigations are exceedingly complete, having evidently been very carefully con- 
sidereaand worked out to the utmost extent that can be desired by the practical man. 
l*he tables are of a very useful character, containing the results of the most recent 
ejq>eriments, and amongst them are some valuable tables of the weight and cost of 
cast and wrought-iron structures actually erected. The volume of text is amply illus- 
trated by numerous woodcuts, plates, and diagrams : and the plates in the second 
volume ao great credit to both draughtsmen and engravers. In conclusion, we have 
great pleasure in cordially recommending this work to our readers." — Artizan. 

" Mr. Humber's stately volumes lately issued— in which the most important bridges 
erected during the last five years, under the direction of the late Mr. Brunei, Sir W. 
Cubitt, Mr. Hawkshaw, Mr. Page, Mr. Fowler, Mr. Hemans, and others among our 
most eminent engineers, are drawn and specified in great detail." — Engineer. 



Weale^s Engineers Pocket-Book. 



THE ENGINEER'S, ARCHITECTS, and CONTRACTOR'S 
POCKET-BOOK (Lockwood & Co.'s; formerly Weale's). 
Published Annually. In roan tuck, gilt edges, witn 10 Copper- 
Plates and numerous Woodcuts. Price dr. 

" There is no work published by or without authority, for the use of the scientific 
branches of the services, which contains anything like the amount of admiiably 
arraneed, reliable, and useful information. It is really a most solid, substantial, suid 
excellent work ; and not a page can be opened by a man of ordinary intelligence which 
will not satisfy him that this praise is amply deserved." — Army and Navy Gazette. 

** A vast amount of really valuable matter condensed into the small dimen- 
sions of a book which is, in reality, what it professes to be — a pocket-book. .... 
We cordially recommend the book to the notice of the managers of coal and other 
mines ; to them it will prove a handy book of reference on a variety of subjects more 
or less intimately connected with their profession. It might also be placed with 
advantage in the hands of the subordinate officers in collieries." — Colliery Guardian. 

" The assignment of the late Mr. Weale's * Engineer's Pocket-Book* to Messrs. 
Lockwood & Co. has by no means lowered the standard value of the work. It is too 
well known among those for whom it is specially intended, to need more from us than 
the observation that this continuation of Mr. Weale's series of Pocket Books well 
sustains the reputation the work has so long enjoyed. Every branch of engineering 
IS treated of, and facts, figures, and data of every kind abound." — Mechanics* Mag. 

"It contains a large amount of information peculiarly valuable to those for whose 
use it is compiled. We cordially commend it to the engineering and architectural 
professions generally."— -^miVi^ Journal. 

"A multitude of useful tables, without reference to which the engineer, architect, 
or contractor could scarcely get through a single day's work." — Scientific Review. 
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Strains yFormulcB & Diagrams for Calculation of. 

A HANDY BOOK for the CALCULATION of STRAINS 
in GIRDERS and SIMILAR STRUCTURES, and their 
STRENGTH ; consisting of Formulae and Corresponding Diagrams, 
with numerous Details for Practical Application, &c. By William 
HuMBER, Assoc. Inst. C.E., &c. Fcap. 8vo, with nearly lOO 
Woodcuts and 3 Plates, price *js. dd, cloth. 

// is hoped that a small work, in a handy fomtt devoted entirely to Bridge and 
Girder Calculatums, without giving more than is absolutely necessary for the complete 
solution 0/ practical problems t will meet with ready acceptance from^ the engineering 
profession. One of the chief features of the Present work is the extensive application 
of simply constructedi>\ AGKAVLS to the calculation of the strains onbridges and girders, 

" To supply a universally recognised want of simple formulae, applicable to the 
varied problems to be met with in ordinary practice, Mr. Humber, whose works on 
modem en|^neerin2 afford sufficient evidence of his qualifications for the task, has 
compiled his 'Handy Book.' The arrangement of the matter in this little volume is 
as convenient as it well could be. ... .The system of employing diagrams as a 
substitute for complex computations is one justly coming into ^eat favour, and in that 
respect Mr. Humber's volume is fully up to the times." — Engineering. 

" The formulae are neatly expressed, and the diagrams good." — Athemeum, 

** That a necessity existed for the book is evident, we think ; that Mr. Humber has 

achieved hb design is equally evident We heartily commend the really handy 

book to our engineer and architect readers." — English mechanic. 

** It is, in fact, what its name indicates, a handy booK • •. . • giving no more than 
is absolutely necessary for the complete solution of practical problems." — Colliery 
Guardian. 



it ' 



'This capital little work will supply a want, often found by engineers^ viz., of 
having the requisite formulae for calculating strains in a complete form, and yet suffi- 
ciently portable to be carried in the pocket .... Almost every formula that could 
possibly be required, together vrith diagrams of strains, is put concisely, yet clearly, 
in a work of considerably less size than an engineering pocket book." — Artizan. 

Strains. 

THE STRAINS ON STRUCTURES OF IRONWORK; 
with Practical Remarks on Iron Construction. By F. W. Sheilds, 
M. Inst. C.E. Second Edition, with 5 plates. Royal 8vo, 5j. cloth. 

Contents. — Introductory Remarks ; Beams Loaded at Centre | Beams Loaded at 
unequal distances between supports ; Beams uniformly Loaded ; Girders with triangu- 
lar bracing Loaded at centre ; Ditto, Loaded at unequal distances between supports ; 
Ditto, uniformly Loaded; Calculation of the Strains on Girders with triangular 
Basings; Cantilevers; Continuous Girders; Lattice Girders; Girders with Vertical 
Struts and Diagonal Ties; Calculation of the Strains on Ditto; Bow and String 
Girders ; Girders of a form not belonging to any regular figure ; Plate Girders ; Ap- 
portionments of Material to Strain ; Comparison of different Girders ; Proportion of 
Length to Depth of Girders ; Character of the Work ; Iron Roofs. 



Trigonometrical Surveying, 



AN OUTLINE OF THE METHOD OF CONDUCTING A 
TRIGONOMETRICAL SURVEY, for the Formation of Geo- 
graphical and Topographical Maps and Plans, Military Recon- 
naissance, Levelling, &c., with the most useful Problems hi Geodesy 
and Practical Astronomy, and Formulae and Tables for Facilitating 
their Calculation. By Major-General Frome, R.E., Inspector- 
General of Fortifications, &c. Third Edition, revised and improved. 
With 10 Plates and 113 Woodcuts. Royal 8vo, I2j. cloth. 



8 WORKS PUBLISHED BY LOCKWOOD & CO. 



Hydraulics. 

HYDRAULIC TABLES, CO-EFFICIENTS, and FORMULAE 
for finding the Discharge of Water from Orifices, Notches, Weirs, 
Pipes, and Rivers. By John Neville, Civil Engineer, M.R.I.A. 
Second Edition, with extensive Additions, New Formulae, Tables, 
and General Information on Rain-fall, Catchment-Basins, Drainage, 

I Sewerage, Water Supply for Towns and Mill Power. With nume- 

! rous Woodcuts, 8vo, i6j. cloth. 

•|>* This work contains a vast number of different hydraulic 
formulae, and the most extensive and accurate tables yet published 
for finding the mean velocity of discharge from triangular, quadri- 
! lateral, and circular orifices, pipes, and rivers ; with experimental 

! results and co-efficients ; effects of friction ; of the velocity of 

< approach ; and of curves, bends, contractions, and expansions ; the 

I best form of channel ; the drainage effects of long and short weirs, 

' and weir-basins ; extent of back-water from weirs ; contracted 

I channels ; catchment-basins ; hydrostatic and hydraulic pressure ; 

I water-power, &c &c. 

I Levelling. 

I A TREATISE on the PRINCIPLES and PRACTICE of 

I LEVELLING ; showing its Application to Purposes of Railway 

and Civil Engineering, in the Construction of Roads ; with Mr. 
Telford's Rules for the same. By Frederick W. Simms, 
F.G.S., M. Inst'CE. Fiilh Edition, very carefully revised, with 
the addition of Mr. Law's Practical Examples for Setting out 
Railway Curves, and Mr. Traut wine's Field Practice of Laying 
out Circular Curves. With 7 Plates and numerous Woodcuts. 8vo, 
8f. (id, cloth. %• Trautwine on Curves, separate, price 5^. 

** One of the most important text-books for the general surveyor, and there is 
scarcely a question connected with levelling for which a solution would be sought but 
I that would be satisfactorily answered by consulting the volume: "—AfMM^ Journal. 

I '* The text-book on levelling in most of our en^eering schools and coU^;es.'* — 

Engineer. 

*' The publishers have rendered a suhstantial service to die profesaon, especially to 
the younger members, by bringing out the present edition of Mr. Simms*s useful work." 
— Engineering. 

Tunnelliftg, 

PRACTICAL TUNNELLING ; explaining in Detail the Setting 
out of the Works ; Shaft Sinking and Heading Driving ; Ranging 
the Lines and Levelling Under-Ground ; Sub-Excavating, Timber- 
ing, and the construction of the Brickwork of Tunneb ; with the 
Amount of Labour required for, and the Cost of the various Por- 
tions of the Work. By Fredk. W. Simms, F.R. A.S., F.G.S., 
M. Inst. C.E., Author of «'A Treatise on the Principles and 
Practice of Levelling," &c. &c. Second Edition, revised by W. 
Davis Haskoll, CivU Engineer, Author of "The Engineer's 
Fidd-Book,*' &c &c With 16 laige folding Plates and numerous 
Woodcuts. Imperial 8vo, iL u. doth. 
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Strength of Cast Irotiy &c, 

A PRACTICAL ESSAY on the STRENGTH of CAST IRON 
and OTHER METALS ; intended for the Assistance of Engineers, 
Iron-Masters, Millwrights, Architects, Founders, Smiths, and 
others engaged in the Construction of Machines, Buildings, &c. ; 
containing Practical Rules, Tables, and Examples, founded en a 
series of New Experiments ; with an Extensive Table of the Pro- 
perties of Materials. By the late Thomas Tredgold, Mem. InsL 
C.E., Author of ** Elementary Principles of Carpentry," ** History 
of the Steam-Engine," &c. Fifth Edition, mudi improved. 
Edited by Eaton Hodgkinson, F.R.S. ; to which are added 
EXPERIMENTAL RESEARCHES on the STRENGTH and 
OTHER PROPERTIES of CAST IRON ; with the Develop- 
ment of New Principles, Calculations Deduced from them, and 
Inquiries Applicable to Rigid and Tenacious Bodies generally. By 
the Editor. The whole Illustrated with 9 Engravings and nume- 
rous Woodcuts. 8vo, 121". cloth. 

%• Hodgkinson's Experimental Researches on the 
Strength and Other Properties of Cast Iron may be had 
separately. With Elngravings and Woodcuts. 8vo, price 6r. doth. 

The High-Pressure Steam Engine. 

THE HIGH-PRESSURE STEAM ENGINE ; an Exposition 
of its Comparative Merits, and an Essay towards an Improved 
System of Construction, adapted especially to secure Safety and 
■ Economy. By Dr. Ernst Alban, Practical Machine Maker, 
Plan, Mecklenberg. Translated from the German, with Notes, by 
Dr. Pole, F.R.S., M. Inst C.E., &c &c. With 28 fine Plates, 
8vo, idj*. 6^. cloth. 

*' A work like this, which goes thoroughljr into the examination of the high-pressure 
engine, the boiler, and its appendages, &c., is exceedingly useful, and deserves a place 
in every scientific library. "--sS'/^am Shipping Chronicle, 

Tables of Curves. 

TABLES OF TANGENTIAL ANGLES and MULTIPLES 
for setting out Curves from 5 to 200 Radius. By Alexander 
Beazeley, M. Inst. C.E. Printed on 48 Cards, and sold in a 
cloth box, waistcoat-pocket size, price 3J, 6</. 

" Each table is printed on a small card, which, being placed on the theodolite, leaves 
the hands free to manipulate the instnunent — no small advantage as regards the rapidity 
of work They are clearly printed, and compactly fitted into a small case for the 
pocket — an arrangement that will recommend them to all practical men.*' — Engineer, 

" Very handy : a man may know that all his day's work must fall on two of these 
cards, which he puts into his own card-case, and leaves the rest behind." — Athenaum, 

Laying Out Curves. 

THE FIELD PRACTICE of LAYING OUT CIRCULAR 
CURVES for RAILROADS. By John C. Trautwine, C.E., 
of the United States (extracted from Simms's Work on Levelling). 
8vo, 5j. sewed. 
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Estimate and Price Book. 

THE CIVIL ENGINEER'S AND CONTRACTOR'S ESTI- 
MATE AND PRICE BOOK for Home or Foreign Service : 
in reference to Roads, Railways, Tramways, Docks, Harbours, 
Forts, Fortifications, Bridges, Aqueducts, Tunnels, Sewers, Water- 
works, Gasworks, Stations, Barracks, Warehouses, &c. &c. &c. 
With Specifications for Permanent Way, Telegraph Materials, 
Plant, Maintenance, and Working of a Railway ; and a Priced List 
of Machinery, Plant, Tools, &c., required in the execution of Public 
Works. By W. Davis Haskoll, C.E. Plates and numerous 
Woodcuts. Published annually. Demy 8vo, cloth, dr. 

" As furnishing a variety of data on every conceivable want to civil engineers and 
contractors, this oook has ever stood perhaps tinrivalled.'*— /inr^t/^r/, Jan. 2X, 1871. 

" The care with which the particulars are arrans;ed reflects credit upon the author, 
each subject being divided into tables under theu- own special heads, so that no 
difficulty arises in finding the exact thing one wants. The value of the work to the 
student and the experienced contractor is inestimable." — Mechanic's Mag., Feb. 3. 

"Mr. Haskoll has bestowed verv great care upon the preparadon of his esdmates 
and prices, and the work is one which appears to us to be in every way deserving of 
confidence." — Buildsr's Weekly Reporter, Jan. 27, 1871. 

" Mr. HaskoU's book will prove of the utmost possible utili^ to the profession. 
The particulars are equally aoapted to all branches of engineering. The manner in 
which the specifications are given leaves nothing to be desired, and to many young 
engineers they will prove invaluable. Even in the hands of those having some expe- 
rience the book will often serve to call attention to matters which in the haste of 
estimating might otherwise be fora^otten. It is altogether a work which few practising 
engineers will care to be without.^— ^{'mn;^ Jourmilt Feb. xz, 1871. 



Surveying (Land and Marine). 

LAND AND MARINE SURVEYING, in Reference to the 
Preparation of Plans for Roads and Railways, Canals, Rivers, 
Towns* Water Supplies, Docks and Harbours ; with Description 
and Use of Surveying Instruments. By W. Davis Haskoll, C. E. , 
Author of "The Engineer's Field Book," ** Examples of Bridge 
and Viaduct Construction," &c. Demy 8vo, price 12s, 6d. cloth, 
with 14 folding Plates, and numerous Woodcuts. 

^ " ' Land and Marine Surveying' is a most useful and well arranged book for the 
aid of a student .... We can strongly recommend it as a carefully-written 
and valuable text-book." — Butider, July 14, z868. 

" He only who is master of his subject can present it in such a way as to make it 
intelligible to the meanest capacity. It is in tnis that Mr. Haskoll exceb. He has 
knowledge and experience, and can so give expression to it as to make any matter on 

which he writes, clear to the youngest pupil m a surveyor's office The 

work will be found a useful one to men of experience, for there are few such who will 
not get some good ideas from it ; but it is indispensable to the young practitioner." — 
CoUury Guardian, May 9, x868. 

" A volume which cannot fail to prove of the utmost practical utility It 

is one which may be safely recommended to all students who aspire to become clean 
and expert surveyors ; and from the exhaustive manner in which Mr. Haskoll has 
placed his long experience at the disposal of his readers, there will henceforth be no 
excuse for the complaint that young pracdtioners are at a disadvantage, through the 
neglect of their seniors to point out the importance of minute details, since they can 
readily supply the deficiency by the study of the volume now under consideration."— 
Mining youmal, May 5, x868. 
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Fire Engineering. 



FIRES, Fire-engines, and fire brigades, with 

a History of Manual and Steam Fire-Engines, their Construc- 
tion, Use, and Management ; Remarks on Fire-Proof Build- 
ings, and the Preservation of Life from Fire ; Statistics of the Fire 
Appliances in English Towns ; Foreign Fire Systems ; Hints for 
the formation of, and Rules for. Fire Brigades ; and an Account of 
American Steam Fire-Engines. By Charles F. T. Young, C.E., 
Author of ** The Economy of Steam Power on Conmion Roads," 
&C. With numerous Illustrations, Diagrams, &c., handsomely 
printed, 544 pp., demy 8vo, price i/. 4J. cloth. 

" A large well-filled and useful book upon a subject which posseses a wide and 
increasine public interest .... To such of our readers as are interested in the 
subject of fires and fire apparatus we can most heartily commend this book. .... 
It is really the only Engli^ work we now have upon me subject** — Engineering. 

** Mr. Youn^ has proved by his present work that he is a good engineer, and pos- 
sessed of sufficient literary energy to produce a very readable and interesting volume.*' 
—'Eftgineer. 

** Fire, above all the elements, is to be dreaded in a great city, and Mr. Young 
deserves hearty thanks for the elaborate pains, benevolent spirit, scientific knowledge, 
and lucid exposition he has brought to bear upon the subject ; and his substantial book 
should meet with substantial success, for it concerns every one who has even a skin 
which is not fireproof." — Illustrated London News. 

"A volume which must be regarded as the text-book of its subject, and which in 
point of interest and intrinsic value is second to no contribution to a spedal depart- 
ment of history with which we are acquainted. ' Fires, Fire-Engines, and Fire 
Brigades' is the production of an earnest and diligent writer who comes to the task he 
has undertaken with a thorough love of it, and a firm determination to do it justice. 

. . . . The style of the work is admirable It has the surpassing 

merit of being thoroughly reliable." — Insurance Record. 

** That Mr. Young's treatise is an exhaustive one will be admitted when we state 
that there does not appear to be anything within the scope of his comprehensive title 
that has been left unnoticed. An immense amount of the most varied information 
relating to the subject has been, collected from every conceivable source, and goes to 
form a history full of abiding interest. Great crecUt is unquestionably due to Mr. 
Young for having brought before the public the results of his exploration in this hitherto 
untrodden field. We strongly recommend the book to the notice of all who are in 
any way interested in fires, fire-engines, or fire-brigades." — Mechaniaf Magtuine. 

Earthwork, Measurement and Calculation of. 

A MANUAL on EARTHWORK. By Alex. J. S. Graham, 
C.E., Resident Engineer, Forest of Dean Central Railway. With 
numerous Diagrams. i8mo, 2J. dd. cloth. 

" We can cordially recommend the work to the notice of our xtaAtx^^-^Bmlding 
News. 

*' As a really handy book for reference, we know of no work equal to^ it ; and the 
railway engineers and others employed in the measurement and calculation of earth- 
woik will find a great amount of practical information very admirably arranged, and 
avaikible for general or rough estimates, as well as for the more exact calcuhuions 
required in the engineers' contractor's offices." — Artizan. 

" The object of this little book is an investigation of all the principles requisite for 
the measurement and calculation of earthworks, and a consideration of the data neces- 
sary for such operations. The author has evidently bestowed much care in effecting 
this object, ana points out with much clearness the results of his own observations, 
derived from practical experience. The subjects treated of are accompanied by wdl- 
executed diagrams and instructive examples. — Army and Navy Geuette. 
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Field-Book for Engineers. 
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THE ENGINEER»S, MINING SURVEYOR'S, and CON- 
TRACTOR'S FIELD-BOOK. By W. Davis Haskoll, Civil 
Engineer. Second Edition, much enlamed, consisting of a Series 
of Tables, with Rules, Explanations of Systems, and Use of Theo- 
dolite for Traverse Surveymg and Plotting the Work with minute 
accuracy by means of Straight Edge and Set Square only ; Levelling 
with the Theodolite, Castmg out and Reducing Levels to Datum, 
and Plotting Sections in the ordinary manner; Setting out Curves 
with the Theodolite by Tangential Angles and Multiples with Right 
and Left-hand Readings of the Instrument; Setting out Curves 
without Theodolite on the System of Tangential Angles by Sets of 
Tangents and Offsets ; and Earthwork Tables to 80 feet deep cal- 
culated for every 6 inches in depth. With numerous wood- cuts, 
l2mo, price 12s. cloth. 

A very useful work for the practical engineer and surveyor. Every person 
engaged in engineering field operations will estimate the importance of such a work 
and me amount of valuable time which wilt be saved by reference to a set of reliable 
tables prepared with the accuracy and fulness of those given in this volume."— /?af7- 
way News, 

** The book is very handy, and the author might have added that the separate tables 
of sines and tangents to every minute will make it useful for many other purposes, the 
genuine traverse tables existmg all the same." — Atkenaum, 

"The work forms a haiidsome pocket volume, and cannot fail, from its portability 
and utility, to be extensively patronised by the engineering profession.'^JI^{>i{>r^ 
y<mmaL 

" We know of no better field-book of reference or collection of tables than that 
Mr. Haskoll has given." — Artizan, 

*' A series of tables likely to be very useful to many civil engineers." — Building News. 

\*A. very useful book of tables for expediting field-work operations. . . . The present 
edition has been much enlai^d." — Mechanic^ Magazine. 

** We strongly recommend this second edition of Mr. Haskoll's * Field Book' to all 
classes of surveyors." — Colliery Guardian, 

Railway Engineering. 

THE PRACTICAL RAILWAY ENGINEER. A concise 
Description of the Engineering and Mechanical Operations and 
Structures which are combined in the Formation of Railways for 
Public Traffic ; embracing an Account of the Principal Works exe- 
cuted in the Constniction of Railways ; with Facts, Figures, and 
Data, intended to assist the Civil Engineer in designing and executing 
the important details required. By "G. Drysdale Dempsey, C.E. 
Fourth Edition, revised and greatly extended. With 71 double 
quarto Plates, 72 Woodcuts, and Portrait of George Stephenson. 
One large voL 4to, 2/. I2J, (>d. cloth. 

Harbours. 

THE DESIGN and CONSTRUCTION of HARBOURS. By 
Thomas Stevenson, F.R.S.E., M.I. C.E. Reprinted and en- 
larged from the Article "Harbours," in the Eighth Edition of " The 
Encyclopaedia Britannica." With 10 Plates and numerous Cuts. 
8vo, lOf. 6^. cloth. 
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Bridge Construction in Masonry^ Timber^ and 
Iron. 

EXAMPLES OF BRIDGE AND VIADUCT CONSTRUC- 
TION OF MASONRY, TIMBER, AND IRON ; consisting of 
46 Plates from the Contract Drawings or Admeasurement of select 
Works. By W. Davis Haskoll, C.E. Second Edition, with 
the addition of 554 Estimates, and the Practice of Setting out Works, 
illustrated with 6 pages of Diagrams. Imp. 4to, price 2/. I2J. 6</. 
lialf-morocco. 

*' One of the very few works extant descending'to the level of ordinary routine, and 
treating on the common cvery-ds^ practice of the railway engineer. ... A work of 
the present nature by a man of Mr. HaskoU's experience, must prove invaluable to 
hundreds. The tables of estimates appended to this edition will considerably enhance 
its value." — Engvuering. 

" We must express our cordial approbation of the work just jssued by Mr. Haskoll. 
.... Besides examples of the best and most economical forms of bridge construction, 
the author has compiled a series of estimates which cannot fail to be of service to the 
practical man. . . . The examples of bridges are selected from those of the most notable 
construction on the different lines of the Idngdom, and their details may consequently 
be safely followed." — Railway News. 

" A very valuable volume, and may be added usefully to the library of every young 
engineer. *^— Builder. 

** An excellent selection of examples, very carefully drawn to useful scales of pro* 
portion. ^—-A rtizan. 

Mathematical and Drawing Instruments. 

A TREATISE ON THE PRINCIPAL MATHEMATICAL 
AND DRAWING INSTRUMENTS employed by the Engineer, 
Architect, and Surveyor. By Frederick W. Simms, F.G.S., M. 
Inst. C.E., Author of "Practical Tunnelling," &c. &c. Third 
Edition, with a Description of the Theodolite, together with Instruc- 
tions in Field Work, compiled for the use of Students on conmienc- 
ing practice. Witii numerous Cuts. i2mo, price y. 6d. cloth. 

Oblique Arches. 

A PRACTICAL TREATISE ON THE CONSTRUCTION of 
OBLIQUE ARCHES. By John Hart. Third Edition, with 
Plates. Imperial 8vo, price &r. doth. 

%* The small remaining stock of this work^ which has been un^ 
obtainable for some time^ has just been purchcued by LocKWOOD & Co. 



Oblique Bridges. 



A PRACTICAL and THEORETICAL ESSAY on OBLIQUE 
BRIDGES, with 13 large folding Plates. By Geo. Watson 
Buck, M. Inst. C.E. Second Edition, corrected by W. H. 
Barlow, M. Inst. C.E. Imperial 8vo, 12s. cloth. 

" The standard text-book for all engineers regarding skew arches, is Mr. Buck's 
treatise, and it would be impossible to consult a better." — Engineer. 

'* A very complete treatise on the subject, re-edited by Mr. Barlow, who has added 
to it a method of making the requisite calculations without the use of trigonometricsd 
{omajiat^*— Builder, 
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TAe Young Architect's Book. 

HINTS TO YOUNG ARCHITECTS ; comprising Advice to 
those who, while yet at school, are destined to the Profession ; to 
such as, having passed their pupilage, are about to travel ; and to 
those who, having completed their education, are about to practise. 
By George Wightwick, Architect, Author of " The Palace of 
Architecture," &c. &c Second Edition. With numerous Wood- 
cuts. 8vo, 7x., extra cloth. 

Drawing for Builders and Students. 

PRACTICAL RULES ON DRAWING for the OPERATIVE 
BUILDER and YOUNG STUDENT in ARCHITECTURE. 
By George Pyne, Author of a " Rudimentary Treatise on Per- 
spective for Beginners." With 14 Plates, 4to, *js, 6^., boards. 

Contents. — I. Practical Rules on Drawing — Outlines. II. Ditto — the Grecian 
and Roman Orders. III. Practical Rules on Drawing — Perspective. IV. Practical 
Rules on Light and Shade. V. Practical Rules on Colour, &c. &c. 

Cottages^ Villas^ and Country Houses, 

DESIGNS and EXAMPLES of COTTAGES, VILLAS, and 
COUNTRY HOUSES ; being the Studies of several eminent 
Architects and Builders ; consisting of Plans, Elevations, and Per- 
spective Views ; with approximate Estimates of the Cost of each. 
In 4to, with 67 plates, price i/. ix., cloth. 

Wealds Builders and Contractor's Price Book. 

THE BUILDER'S AND CONTRACTOR'S PRICE BOOK 
(LocKWOOD & Co.'s, formerly Weale's). Published Annually. 
Containing Prices for Work in all branches of the Building Trade, 
with Items numbered for easy reference, and an Appendix of 
Tables, Notes, and Memoranda, arranged to afford detailed infor- 
mation, commonly required in preparing Estimates, &c. Originally 
Edited by the late Geo. R. Burnell, C.E., &c i2mo, 4J., cloth. 

"A multitudinous variety of useful information for builders and contractors 

With its aid the prices for all work connected with the building trade may be esti- 
mated." — Building News. 

** Carefully revised, admirably arranged, and clearly printed, it offers at a glance a 
ready method of preparing an estimate or specification upon a basis that is unquestion- 
able. A reliable book of reference in the event of a cuspute between employer and 
employed." — Engineer. 

" Well done and reliable. It is the duty of a just critic to point out where any 
improvement can be made in any work, but Mr. Burnell has anticipated all objections 
in nis clearly-printed book. We therefore recommend it to all branches of the pro- 
fession." — English Mechanic. 

** Mr. Burnell has omitted nothing from this work that could tend to render it 
valuable to the builder or contractor. — Mechanic's Magazine. 

''It must find its place on the table of every civil engineer, builder, and contractor, 
as a standard work of reference." — Artizan. 

" Well done and reliable. It is the duty of a just critic to |>oint out where any 
improvement can be made in any work, but Mr. Burnell has anticipated all objections 
in iiLs clearly printed book. We therefore recommend it to all branches of the 
profession." — English Mechanic. 
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Handbook of Specifications. 
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THE HANDBOOK OF SPECIFICATIONS; or, Practical 
Guide to the Architect, Engineer, Surveyor, and Builder, in drawing 
up Specifications and Contracts for Works and Constructions. 
Illustrated by Precedents of Buildings actually executed by eminent 
Architects and Engineers. Preceded by a PreUminary Essay, and 
Skeletons of Specifications and Contracts, &c, &c., and explained 
by numerous Lithograph Plates and Woodcuts. By Professor 
Thomas L. Donaldson, President of the Royal Institute of British 
Architects, Professor of Architecture and Construction, University 
College, London, M.I.B.A., Member of the various European 
Academies of the Fine Arts. With A Review of the Law of 
Contracts, and of the Responsibilities of Architects, Engineers, 
and Builders. By W. Cunningham Glen, Barrister-at-Law, of 
the Middle Temple. 2 vols., 8vo, with upwards of 1 100 pp. of 
text, and 33 Lithographic Plates, cloth, 2/. 2J. 

In these two volumes of i^xoo pages (together), forty-four specifications of executed 
works are given, including the specifications for parts of the new Houses of Parliament, 
by Sir Charles Barry, and for the new Royal Exchange, by Mr. Tite, M.P. The 
latter, in particular, is a very complete and remarkable document It embodies, to a 
great extent, as Mr. Donaldson mentions, * the bill of quantities, with the description 
of the works,' and occupies more than xoo printed pages. 

"Amon^t the other known buildings, the specifications of which are given, are 
the Wiltshire Lunatic Asylum (Wyatt and Brandon) ; Tothill Fields Prison (R. Abra- 
ham) ; the City Prison, Holloway (Bunning) ; the High School, Edinburgh (Hamilton) ; 
Qothworicers' Hall, London (Angel) ; Wellington College, Sandhurst (J. Shaw) ; 
Houses in Grosvenor Square, and elsewhere : St George's Church, Doncaster 
(Scott) : several works of smaller size by the Author, including Messrs. Shaw's Ware- 
house in Fetter Lane, a venr successful elevation ; the Newcastle-upon-Tyne Railway 
Station (J. Dobson) ; new Westminster Bridge (Page) ; the High Level Bridge, New- 
castle (R. Stephenson) ; various works on the Great Northern Railway (Brydone) ; 
and one French specification for Houses in the Rue de Rivoli, Paris (NIM. Armand, 
Hittorff, Pellechet, and Rohault de Fleury, architects). The last is a very elaborate 
composition, occupying seventy pages. The majority of the specifications have illus- 
trations in the shape dt elevations and plans. 

*' We arc most glad to have the present work. It is valuable as a record, and more 
valuable still as a hook of precedents. 

" About 140 pages of the second volume are appropriated to an exposition of the 
law in relation to tne legal liabilities of engineers, architects, contractors, and builders, 
by Mr. W. Cunninghain Glen, Barrister-at-law ; intended rather fur those persons 
than for the legal practitioner. Suffice it, in conclusion, to say in words what our 
readers will have gathered for themselves from the particulars we have given, that 
Donaldson's Handbook of Specifications must be bought by all architects.**— ^»>iSr/^r. 



Mechanical Engineering. 



A PRACTICAL TREATISE ON MECHANICAL ENGI- 
NEERING : comprising Metallurgy, Moulding, Casting, Forging, 
Tools, Workshop Machinery, Mechanical Manipulation, Manufac- 
ture of the Steam Engine, &c. &c. With an Appendix on the 
Analysis of Iron and Iron Ore, and Glossary of Terms. By Francis 
Cam PIN, C.E. Illustrated with 91 Woodcuts and 28 Plates of 
Slotting, Shaping, Drilling, Punching, Shearing, and Riveting 
Machines — Blast, Refining, and Rcverberatory Furnaces — Steam 
Engines, Governors, Boilers, Locomotives, &c. Demy 8vo, doth, 
price 125, 
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Nicholsons Carpenters Guide, 

THE CARPENTER'S NEW GUIDE ; or, BOOK of LINES 
for CARPENTERS : comprising all the Elementary Principles 
essential for acquiring a knowledge of Carpentiy. Founded on the 
late Peter Nicholson's standard work. A new Edition, revised 
by Arthur Ashpitel, F.S.A., together with Practical Rules on 
Drawing, by George Pyne. With 74 Plates, 4to, i/. \s, cloth. 

Dowsing' s Timber Merchant's Companion. 

THE TIMBER MERCHANTS AND BUILDER'S COM- 
PANION ; containing New and Copious Tables of the Reduced 
Weight and Measurement of Deals and Battens, of all sizes, from 
One to a Thousand Pieces, and the relative Price that each size 
bears per Lineal Foot to any given Price per Petersburgh Standard 
Hundred ; the Price per Cube Foot of Square Timber to any given 
Price per Load of 50 Feet ; the proportionate Value of Deals and 
Battens by the Standard, to Square Timber by the Load of 50 Feet ; 
the readiest mode of ascertaining the Price of Scantling per Lineal 
Foot of any size, to any given Figure per Cube Foot. Also a 
variety of other valuable information. By William Dowsing, 
Timber Merchant. Second Edition. Crown 8vo, y, cloth. 

" Everything is as concise and clear as it can possibly be made. There can be no 
doubt that every timber merchant and builder ought to possess it,because such possession 
would, with use, unquestionably save a very great deal of time, and, moreover, ensure 
perfect accuracy in calculations. There is also another class besides these who ought 
to possess it ; we mean all persons engaged in carrying wood, where it is re<juisite to 
ascertain its weight. Mr. Dowsing's tables provide an easy means of domg this. 
Indeed every person who has to do with wood ought to have it." — Hull Advertiser. 



MECHANICS, &c. 



Mechanic's Workshop Companion. 

THE OPERATIVE MECHANIC'S WORKSHOP COM- 
PANION, and THE SCIENTIFIC GENTLEMAN'S PRAC- 
TICAL ASSISTANT ; comprising a great variety of the most 
useful Rules in Mechanical Science ; with numerous Tables of Prac- 
tical Data and Calculated Results. By W. Templeton, Author 
of **The Engineer's, Millwright's, and Machinist's Practical As- 
sistant." Tenth Edition, with Mechanical Tables for Operative 
Smiths, Millwrights, Engineers, &c. ; together with several Useful 
and Practical Rules in Hydraulics and Hydrodynamics, a variety 
of Experimental Results, and an Extensive Table of Powers and 
Roots. II Plates. i2mo, 5^. bound. \^Just published, 

" As a text-book of reference, in which mechanical and commercial demands are 
judiciously met, Tsmpleton's Companion stands unrivalled." — Mechania? Magazine. 

** Admirably adapted to the wants of a very lai:^ class. It has met with great 
success in the engineering workshop, as we can testify ; and there are a great many 
men who, in a great measure, owe their rise in life to this little work. " — Building New*. 



WORKS PUBLISHED BY LOCKWOOD & CO. 21 

Engineers Assistant. 

THE ENGINEER'S, MILLWRIGHTS, and MACHINISTS 
PRACTICAL ASSISTANT ; comprising a Collection of Useful 
Tables, Rules, and Data. Compiled and Arranged, with Original 
Matter, by W. Templeton. 4ta Edition. i8mo, 2s,6d. cloth. 

** So much varied iuformation compressed into so small a space, and published at a 
price which places it within the reach of the htunblest mechanic, cannot fail to com- 
mand the sale which it deserves. With the utmost confidence we commend this book 
to the attention of our readers." — Mechanics* Mageuine. 

** Every mechanic should become the possessor of the volume, and a more suitable 
present to an apprentice to any of the mechanical trades could not possibly be made.'* 
^-Building I^rufs, 

Designing, Measuring, and Valuing. 

THE STUDENT'S GUIDE to the PRACTICE of MEA- 
SURING, and VALUING ARTIFICERS' WORKS; containing 
Directions for taking Dimensions, Abstracting the same, and bringing 
the Quantities into Bill, with Tables of Constants, and copious 
Memoranda for the Valuation of Labour and Materials in the res- 
pective Trades of Bricklayer and Slater, Carpenter and Joiner, 
rainter and Glazier, Paperhanger, &c. With 43 Plates and Wood- 
cuts. Originally edited by Edward Dobson, Architect. New 
Edition, re-written, with Additions on Mensuration and Construc- 
tion, and several useful Tables for facilitating Calculations and 
Measurements. By E. Wyndham Tarn, M.A., Architect. 8vo, 
lOf. dd, cloth. {Just published, 

" This useful book should be in every architect's and builder's office. It contains 
a vast amount of information absolutely necessary to be known." — The Irish Builder. 

" The book is well worthy the attention of the student in architecture and surveying, 
as by the careful study of it his progress in his profession will be much facilitated."— 
Mining Journal^ Feb. ii, 1871. 

** We have failed to discover anything connected with the building trade, from ex- 
cavating foundations to bell-hangmg, mat is not fully treated upon in this valuable 
work." — The Artizan^ March, 1871. 

'* Mr. Tarn has well performed the task imposed upon him, and has made many 
further and valuable additions, embodying a large amount of information relating to 
the technicalities and modes of construction employed in the several branches of the 

building trade. From the extent of the information which the volume 

embodies, and the care taken to secure accuracy in every detail, it cannot fail to prove 
of the highest value to students, whether training in the offices of provincial surveyors, 
or in those of London practitioners.'' — Colliery Guardian^ February zoth, iSyt. 

" Altogether the book is one which well fulfils the promise of its title-page, and we 
can thoroughly recommend it to the class for whose use it has been compiled. Mr. 
Tarn's additions and revisions have much increased the usefulness of the work, and 
have especially augmented its value to students. Finally, it is only just to the pub- 
lishers to add that the book has been got up in excellent style, the typography being 
bold and clear, and the plates very well executed." — Engineering^ Maroi 24, 1871. 

Superficial Measurement. 

THE TRADESMAN'S GUIDE TO SUPERFICIAL MEA- 
I SUREMENT. Tables calculated from i to 200 inches in length, 

by I to 108 inches in breadth. For the use of Architects, Surveyors, 
Engineers, Timber Merchants, Builders, &c. By James Haw- 
kings. Fcp. 3 J. (id. cloth. 
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MATHEMATICS, ' &c. 

Gregory s Practical Mathematics, 

MATHEMATICS for PRACTICAL MEN ; being a Common- 
place Book of Pure and Mixed Mathematics. Designed chiefly 
for the Use of Civil Engineers, Architects, and Surveyors. Part I. 
Pure Mathematics— comprising Arithmetic, Algebra, Geometry, 
Mensuration, Trigonometry, Conic Sections, Properties of Curves. 
Part II. Mixed Mathematics— comprising Mechanics in general. 
Statics, Dynamics, Hydrostatics, Hydrodynamics, Pneumatics, 
Mechanical Agents, Strength of Materials. With an Appendix of 
copious Logarithmic and other Tables. By Olinthus Gregory, 
LL. D. , F.R. A. S. Enlarged by Henry Law, C. E. 4th Edition, 
carefully revised and corrected by J. R. Young, formerly Profes- 
sor of Mathematics, Belfast College ; Author of ** A Course of 
Mathematics," &c. With 13 Plates. Medium 8vo, i/. is, cloth. 

" As a standard work on mathematics it has not been excelled." — Aritzan. 

*' The engineer or architect vdll here find ready to his hand, rules for solving nesu-ly 
every mathematical difficulty that may arise in his practice. As a moderate acquaint- 
ance with arithmetic, algebra, and elementary geometry is absolutely necessary to the 
proper understanding of the most useful portions of this book, the author very wisely 
has devoted the first three chapters to those subjects, so that the most ignorant may be 
enabled to master the whole of the book, without aid from any other. The rules are in 
all cases explained by means of examples, in which every step of the process is clearly 
worked out." — Builder. 

** One of the most serviceable books to the practical mechanics of the country. . 
The edition of 1847 ^^s fortunately entrusted to the able hands of Mr. Law, who 
revised it thoroughly, re-wrote many chapters, and added several sections to those 
which had been rendered imperfect by advanced knowledge. On examining the various 
and many improvements which he introduced into the work, they seem^ sumost like a 
new structure on an old plan, or rather like the restoration of an old ruin, not only to 
its former substance, but to an extent which meets the larger requirements of modem 

times In the edition just brought out, the work has again been revised by 

^ofessor Young. He has modernised the notation throughout, introduced a few 

Paragraphs here and there, and corrected the numerous typographical errors which 
ave escaped t^e eyes of the former Editor. The book is now as complete as it is 

possible to make it We have carried our notice of this book to a greater 

lengdi than the space allowed us justified, but the experiments it contains are so 
interesting, and the method of describing them so clear, that we may be excused for 
overstepping our limit. It is an instructive book for the student, and a Text- 
book for him who having once mastered the subjects it treats of, needs occasionally to 
rdresh his memory upon them." — Building News. 

The Metric System. 

A SERIES OF METRIC TABLES, in which the British 
Standard Measures and Weights are compared with those of the 
Metric System at present in use on the Continent By C, H. 
DowLiNG, C. E. 8vo, lOf. (id. strongly bound. 

" Mr. Dowling's Tables, which are well put together, come just in tiine as a ready 
reckoner for the conversion of one system into the other." — Atheneeum. 

*' Their accuracy has been certified by Professor Airy, the Astronomer RoyaL"— 
Builder. 

" Resolution 8. — ^That advantage will be derived from the recent publication of 
Metric Tables, by C. H. liovrXvciz, CE-.'^—Reportof Section F, British Association, 
Bath, 
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InwoocTs TableSy greatly enlarged and improved. 

TABLES FOR THE PURCHASING of ESTATES, Freehold, 
Copyhold, or Leasehold; Annuities, Advowsons, &c., and for the 
Renewing of Leases held under Cathedral Churches, Colleges, or 
other corporate bodies ; for Terms of Years certain, and for Lives ; 
also for Valuing Reversionary Estates, Deferred Annuities, Next 
Presentations, &c., together with Smart's Five Tables of Compound 
Interest, and an Extension of the same to lower and Intermediate 
Rates. By William In wood. Architect. The i8th edition, with 
considerable additions, and new and valuable Tables of Logarithms 
for the more Difficult Computations of the Interest of Money, Dis- 
count, Annuities, &c., by M. FtoOR Thoman, of the Societe 
Credit Mobilier of Paris. i2mo, &f. cloth. 

%* This edition {the 18/^) differs in many important particulars 
from former ones. The changes consist, first, in a more convenient 
and systematic arrangement of the original Tables, and in the removal 
of certain numerical errors which a very careful revision of the whole 
has enabled the present editor to discover ; and secondly, in the 
extension of practical utility conferred on the work by the introduction 
of Tables now inserted for the first time. This new and important 
matter is all so much actually added to In wood's Tables ; nothing 
has been abstracted from the original collection: so that those who ha^ve 
been long in the habit of consulting In WOOD for any special prof es' 
sional purpose will, as heretofore, find the information sought still in 
its pages, 

** Those interested in the purchase and sale of estates, and in the adjustment of 
compensation cases, as well as in transactions in annuities, life insurances, &c., will 
find the present edition of eminent service." — Engineering. 

''More than half a century has elapsed since the first edition was published, yet 
' Inwood's Tables' still maintain a most enviable reputation ; and when it is considered 
that die new issue, the Eighteenth edition, has been enriched by large additional 
contributions by Mr. F^dor Thoman, of the French Credit Mobilier, whose carefully 
arranged tables of logarithms for the more difficult computations of the interest of 
money, discount, annuities, &c., cannot fail to be of the utmost utility, its value will 



be appreciated. The introduction contains an admirable epitome of the principles of 

cplanation of all that is necessary to render the elaborate tabl 
the book of thorough utility to all consulting it. This new edition will certainly be 



decimals, and an explanation of all that is necessary to render the elaborate tal>les in 
the book of thorouj^h utility to all consulting it. This new edition will cer 
referred to with quite as much confidence as its predecessors.'*— ^(VuJtiT Journal, 



Compound Interest and Annuities. 

THEORY of COMPOUND INTEREST and ANNUITIES ; 
with Tables of Logarithms for the more Difficult Computations of 
Interest, Discount, Annuities, &c., in all their Applications and 
Uses for Mercantile and State Purposes. With an elaborate Intro- 
duction. By FfeDOR Thoman, of the Society Credit Mobilier, 
Paris. i2mo, cloth, 5^. 

" A very powerful work, and the Author has a very remarkable command of his 
subject." — Professor A, de Morgan. 

" No banker, merchant, tradesman, or man of business, ought to be without Mr. 
Thoman's truly 'handy-book.' " — Review. 

" The author of this ' handy-book ' deserves our thanks." — Insurance Gazette, 

" We recommend it to the notice of actuaries and accountants."— -^/Aew^nvm. 
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SCIENCE AND ART. 



The Military Sciences. 

AIDE-M£M0IRE ta the MILITARY SCIENCES. Framed 
from Contributions of Officers and others connected with the dif- 
ferent Services. Originally edited by a Committee of the Corps of 
Royal Engineers. Second Edition, most carefully revised by an 
Officer of the Corps, with many additions ; containing nearly 350 
Engravings and many hundred Woodcuts. 3 vols, royal 8vo, extra 
cloth boards, and lettered, price 4/. lor. 

"A compendious encyclopaedia of military knowledge, to which we are greatly in- 
debted." — Edinburgh Review. 

** The most comprdiensive work of reference to the military and collateral sciences. 
Among the list of contributors, some seventy-seven in number, will be found names of 
the highest distinction in the services. . . . The work claims and possesses the great 
merit that by far the larger portion of its subjects have been treated originally by the 
practical men who have been its contributors. — l^olunteer Service Gazette. 

Field Fortification. 

A TREATISE on FIELD FORTIFICATION, the ATTACK 
of FORTRESSES, MILITARY, MINING, and RECON- 
NOITRING. By Colonel I. S. Macaulay, late Professor of 
Fortification in the Royal Military Academy, Woolwich. Sixth 
Edition, crown 8vo, cloth, with separate Atlas of 12 Plates, sewed, 
price I2J. complete. 

Dye- Wares and Colours. 

THE MANUAL of COLOURS and DYE-WARES: their 

Properties, Applications, Valuation, Impurities, and Sophistications. 

For the Use of Dyers, Printers, Dry Salters, Brokers, &c. By J. 

W. Slater. Post 8vo, cloth, price 71. dd. [Recently published. 

** Essentially a manual for practical men, and precisely such a book as practical 
men will appreciate." — Scientific Review. 

'* A complete encyclopaedia of the materia tinctoria. The information given 
respecting each article is full and precise, and the methods of determining the value 
of articles such as these, so liable to sophistication, are given with clearness, and are 
practical as well as valuable." — Chemist and Druggist. 

Electricity. 

A MANUAL of ELECTRICITY ; including Galvanism, Mag- 
netism, Diamagnetism, Electro-Dynamics, Magno-Electricity, and 
the Electric Telegraph. By Henry M. Noad, Ph.D., F.C.S., 
Lecturer on Chemistry at St. George's Hospital. Fourth Edition, 
entirely rewritten. Illustrated by 500 Woodcuts. 8vo, i/. 4?. cloth. 

" This publication fully bears out its title of ' Manual.' It discusses in a satisfactory 
manner efectricity, frictional and voltaic, thermo-electricity, and electro-physiology." 
—-A tJunceutn. 

" The commendatiofls already bestowed in the pages of the Lancet on the foraier 
editions of this work are more than ever merited by the present. The accounts given 
of electricity and galvanism are not only complete m a scientific sense, but, which is a 
rarer thing, are popular and inberesting." — Lancet. 
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Text-Book of Electricity. 

THE STUDENT'S TEXT-BOOK OF ELECTRICITY: in- 
eluding Magnetism, Voltaic Electricity, Electro-Magnetism, Dia- 
magnetism, Magneto-?.lectricity, Thermo-Electricity, and Electric 
Telegraphy. Being a Condensed Resume of the Theory and Ap- 
plication of Electrical Science, 'including its latest Practical Deve- 
lopments, particularly as relating to Aerial and Submarine Tele- 
graphy. By Henry M. Noad, Ph.D., Lecturer on Chemistry at 
St, George's Hospital. Post 8vo, 400 Illustrations, I2J. 6</. cloth. 
•»* In carrying out the design of this work, the author has availed 
himself both of the matter {in a condensed form) and of the illustrations 
of his ** Manual of Electricity;" but the present volume will be found 
to contain much additional and important information^ (with many 
new illustrations^) which has become available since the publication 
of his larger work, 

" We can recommend Dr. Noad's book for clear style, great range of subject, a eood 
index, and a plethora of woodcuts. Such collections as the present are indispensable." 
^^AthenetHtn. 



€* 



A most elaborate compilation of the £ficts of electricity and magnetism, and of the 
theories which have been advanced concerning them." — Popular Sciertce Review. 

" Clear, compendious, compact, well illustrated, and well printed, this is an excel- 
lent manual." — Lancet. 



<« 



We can strongly recommend the work, as an admirable text-book, to every student 
—beginner or advanced— of electricity." — Engineering-. 

** The most complete manual on the subject of electricity to be met with.** — Observer. 

" Nothing of value has been passed over, and nothing given but what will lead to a 
correct, and even an exact, knowledge of the present state of electrical science." — 
Mechanic/ Magazine. 

** We know of no book on electricity containing so much information on experi- 
mental facts as this does, for the size of it, and no book of any size that contains so 
complete a range oibucXs.**— English Mechanic. 

Chemical Analysis. 

THE COMMERCIAL HANDBOOK of CHEMICAL ANA- 
LYSIS ; or Practical Instructions for the determination of the In- 
trinsic or Commercial Value of Substances used in Manufactures, 
in Trades, and in the Arts. By A. Normandy, Author of ** Prac- 
tical Introduction to Rose's Chemistry," and Editor of Rose's 
"Treatise of Chemical Analysis." Illustrated with Woodcuts. 
Second and cheaper Edition, post 8vo, 9^. cloth. 

"We recommend this book to the careful perusal of every one ; it may be truly 
affirmed to be of universal interest, and we strongly recommend it to our readers as a 
guide, alike indispensable to the housevrife as to the pharmaceutical practitioner." — 
Medical Times. 

" A volume of surpassing interest, in which the Author describes the character and 
properties of 400 different articles of commerce, the substances by which they are too 
frequendy adulterated, and the means of their detection." — Mining Journal. 

"The very best work on the subject the English press has yet produced." — Me- 
chanic/ Magazine. 

Practical Philosophy. 

A SYNOPSIS of PRACTICAL PHILOSOPHY. By the Rev. 
John Carr, M.A., late Fellow of Trin. ColL, Cambridge. Second 
Edition. i8mo, 5^. cloth. 















▼ 










ji , / ,* ^ir.'^ ,'-'.. r.f<. i '"./^ '- :ftr.r* if lie jeru^.r^aS ami 
' •*, y., 4 >.^ /./ ^//^/. *«. <^*-*. »,«*•/,■* '^"S^f Mpgyye w c d »:ah a icaae rf the 



^1 , ,, , ) , . .r,,„.\ h/ , . I ft* -*'', r.tt*. »t 'trtK 'A crm'>i<i«ab!c value, inas- j 

I, :\ u >> ' '-. K tno* i( *^ftihA i\tt,H'/Sii, ittA I* ' sJ'.iiUt';'! to afcMst the reader to dis- , 

// (, -/ .h h'Hh h'ltti t-n'it, »> I*'*' w/far »♦ tt f»iMt« fnind i% able to separate them. 
/ 1 , ,|. «(,* M /',»*., ffj.(.« »»«. » /,»K»4*#«J l</ U ft valiiaUc tootribution to controversial 



WORKS PUBLISHED BY LOCKWOOD & CO. 27 

Geology and Genesis Harmonised. 

THE TWIN RECORDS of CREATION; or, Geology and 
Genesis, their Perfect Harmony and Wonderful Concoid. By 
George W. Victor Le Vaux. With numerous Illustrations. 
Fcap. 8vo, price 5^. cloth. 

" We can recommend Mr. Le Vaux as an able and interesting guide to a popular 
appreciation of geological science." — Spectator. 

"The author combines an unbounded admiration of science with an imbounded 
admiration of the Written Record. The two impulses are balanced to a nicety ; and 
the consequence is^ that difficulties, which to minds less evenly poised, would be 
serious, find immediate solutions of the happiest kinds." — London Review. 

*' Mr. Le Vaux very feasibly reconciles the two records." — Builder. 

" A most instructive and readable book. We welcome this volume as aiding in a 
most important discussion, and commend it to those interested in the subject." — 
Evangelical Magazine. 

** Vigorously written, reverent in spirit, stored with instructive geological facts, and 
designed to show that there is no discrepancy or inconsistency between the Word and 
the works of the Creator. The future of Nature, in connexion with the glorious destiny 
of man, is vividly conceived." — IVatckman, 

" A valuable contribution to the evidences of Revelation, and disposes veiycon- 
clusivelv of the arguments of those who would set God's works against God's Word. 
No real difficulty is shirked, and no sophistry is left unexposed."— Tli^ Rock. 

Wood- Carving. 

INSTRUCTIONS in WOOD-CARVING, for Amateurs; with 
Hints on Design. By A Lady. In emblematic wrapper, hand- 
somely printed, with Ten large Plates, price 2s. 6d. 

*' The handicraft of the wood-carver, so well as a book can impart it, may be learnt 
from * A Lady's ' publication." — Athenaum. 

" A real practical guide. It is very cwsx^cXit.^ —Literary Churchman, 

" The directions given are plain and easily understood, and it forms a very good 
introduction to the practical part of the carver's art." — English Mechanic. 

" The writer of the litde treatise before us deals very plainly and practically with 

her subject The illustrations are admirably drawn, nearly all the patterns being 

remarkable for their graceful ornamentation. We can confidently recommend the 
book to amateur wood-carvers." — Young Englishwoman. 

Popular Work on Painting. 

PAINTING POPULARLY EXPLAINED; with Historical 
Sketches of the Progress of the Art. By Thomas John Gullick, 
Painter, and John Timbs, F.S.A. Second Edition, revised and 
enlarged. With Frontispiece and Vignette. In small 8vo, 6jr. cloth. 

\* This Work has been adopted as a Prize-book in the Schools 
of Art at South Kensington. 

" A work that may be advantageously consulted. Much may be learned, even by 
hose who fancy they do not require to be tausht, from the careful perusal of this 
unpretending but comprehensive treatise." — Art Journal. 

** A valuable book, which supplies a want. It contains a large amount of original 
matter, agreeably conveyed, and will be found of value, as well by the young artist 
seeking information as by the general reader. We give a cordial welcome to the book, 
and aug^r for it an increasing reputation." — Builder. 

** This volume is one that we can heartily recqmmend to all who are desirous of 
understanding what they admire in a good painting."— Z>a<7^ News. 
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Delamotte^s Works on Illumination & Alphabets. 

A PRIMER OF THE ART OF ILLUMINATION ; for the 
use of Beginners : with a Rudimentary Treatise on the Art, Prac- 
tical Directions for its Exerdse, and numerous Examples taken 
from Illuminated MSS., printed in Gold and Colours. By F. Dela- 
MOTTE. Small 4to, price 9/. Elegantly bound, cloth antique. 

" A handy book, beautifully illustrated ; the text of which is well written, and cal- 
culated to bie usefuL . . . The examples of ancient MSS. recommended to the student, 
which, with much good sense, the author chooses from collections accessible to all, are 
selected with judgment and knowledge, as well as taste." — Athenaum, 

ORNAMENTAL ALPHABETS, ANCIENT and MEDIAEVAL ; 
from the Eighth Century, with Numerals ; including Gothic, 
Church-Text, large and small, German, Italian, Arabesque, Initials 
for Illumination, Monograms, Crosses, &c. &c., for the use of 
Architectural and Engineering Draughtsmen, Missal Painters, 
Masons, Decorative Painters, Lithographers, Engravers, Carvers, 
&c. &c. &c. Collected and engraved by F. Delamotte, and 
printed in Colours. Royal 8vo, oblong, price \s, cloth. 

*'A well-known engraver and draughtsman has enrolled in this useful book the 
result of many years' study and research. For those who insert enamelled sentences 
round gilded chalices, who blazon shop legends over shop-doors, who letter church 
walls with pithy sentences from the Decalogue, this book wul be useful" — Atheiutum. 

EXAMPLES OF MODERN ALPHABETS, PLAIN and ORNA- 
MENTAL ; including Qerman, Old English, Saxon, Italic, Per- 
spective, Greek, Hebrew, Court Hand, Engrossing, Tuscan, 
Riband, Gothic, Rustic, and Arabesque; with several Original 
Designs, and an Analysis of the Roman and Old English Alpha- 
bets, large and small, and Numerals, for the use of Draughtsmen, 
Surveyors, Masons, Decorative Painters, Lithographers, Engravers, 
Carvers, &c Collected and engraved by F. Delamotte, and 
printed in Colours. Royal 8vo, oblong, price 4/. cloth. 

" To artists of all classes, but more especially to architects and engravers, this very 
handsome book will be invaluable. There is comprised in it every jxMsible shape into 
which die letters of the alphabet and numerals can be formed, and the talent which 
has been expended in the conception of the various plain and ornamental letters is 
wonderiuL '^--^tandard. 

MEDIAEVAL ALPHABETS AND INITIALS FOR ILLUMI- 
NATORS. By F. Delamotte, Illuminator, Designer, and 
Engraver on Wood. Containing 21 Plates, and Illuminated Title, 
printed in Gold and Colours. With an Introduction by J. Willis 
Brooks. Small 4to, 6.r. cloth gilt. 

'* A volume in which the letters of the alphabet come forth glorified in gilding and 
all the colours of the prism interwoven and intertwined and mtermingled, sometimes 
with a sort of rainbow arabesque. A poem emblazoned in these characters would be 
onlj 
wel 



ily comparable to one of those delicious love letters symbolLKd in a bunch of flowers 
sli selected and cleverly arranged."— >$"««. 



THE EMBROIDERER'S BOOK OF DESIGN ; containing Initials, 
Emblems, Cyphers, Monograms, Ornamental Borders, Ecclesias- 
tical Devices, Mediaeval and Modem Alphabets, and National 
Emblems. Collected and engraved by F. Delamotte, and 
printed in Colours. Oblong royal 8yo, 2j, 6d, in ornamental boards. 
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AGRICULTURE, &c. 



Yotiatt and Burtis Complete Grazier. 

THE COMPLETE GRAZIER, andFARMER»S and CATTLE- 
BREEDER'S ASSISTANT. A Compendium of Husbandry. 
By William Youatt, Esq., V.S. nth Edition, cnlaiged by 
Robert Scott Burn, Author of "The Lessons of My Farm," &c. 
One large 8vo volume, 784 pp. with 215 Illustrations, i/. u, half-bd. 



COMTBNTS. 



On the Breedings Rearing, Fattening^ 
and General Management t^Neat Cattle. 
—Introductory View of the different Breeds 
of Neat Cattle in Great Britain.— Com- 
parative View of the different Breeds of 
Neat Cattle. — General Observations on 
Buying and Stocking a Farm with Cattle. 
—The Bull— The Cow.— Treatment and 
Rearing of Calves.— Feeding of Calves for 
Veal.--Steers and Draught Oxen.— Graz- 
ing Cattle. — Summer Soiling Cattle. — 
Winter Box and Stall-feedine Cattle.— 
Artificial Food for Cattle.— Preparation 
of Food.— Sale of Cattle. 

On the Economy and Management of 
the Dairy. — MilcA Kine.— Pasture and 
other Food best calculated for Cows, as 
it re^rds their Milk. — Situation and 
Buildmn proper for a Dairy, and the 

S roper Dairy Utensils. — Management of 
filk and Cream, and the Makine and 
Preservation of Butter. — Making and Pre- 
servation of Cheese. — Produce of a Dairy. 
On the Breedings Rearing, and Ma- 
nagement 0/ Farm-horses. — Introductory 
and Comparative View of the different 
Breeds of Farm-horses.— Breeding Horses, 
Cart Stallions and Mares.— Rearing and 
Training of Colts. — ^Age, Qualifications, 
and Sale of Horses. — Maintenance and 
Labour of Farm-horses. — Comparative 
Merits of Draught Oxen and Horses.— 
Asses and Mules. 

On the Breeding, Rearing, and Fat- 
tening 0/ Sheep. — Introductory and Com- 
parative View of the different Breeds. — 
Merino, or Spanish Sheep. — Breeding and 
Management of Sheep. — Treatment and 
Rearing of House-lamps, Feeding of Sheep, 
Folding Sheep, Shearing of Sheep, &c. 

On the Breeding, Rearing, and Fat- 
tening of Swine. —^nXxoAyictoty and Com- 
parative View of the different Breeds of 
Swine. — Breeding and Rearing of Pigs.*— 
Feeding and Fattening of Swine. — Curing 
Pork and Bacon. 



On the Diseases of Cattle.— Di&cases 
Incident to Cattle. — f>iseases of Calves. — 
Diseases of Horses. — Diseases of Sheep. — 
Diseases of Lambs. — Diseases Incident to 
Swine. — Breeding and Rearing of Do- 
mestic Fowls, Pigeons, &c. — PaJmipedes, 
or Web-footed kinds. — Diseases of Fowls. 

On Farm Offices and Implements oj 
Hi^bandry.—T^^ Farm-house, the Farm- 
yard, and its Offices. — Construction of 
Ponds. — Farm Cottages. — Farm Imple- 
ments. — Steam Cultivation. — Sowing Ma- 
chines, and Manure Distributors. — ^Steam 
Engines, Thrashing Machines,^ Corn- 
dressing Machines, Mills, Bruising Ma- 
chines. 

On the Culture and Management of 
Grass Land. — Size and Shape of Fields. 
—Fences. — Pasture Land. — Meadow 
Land. — Culture of Grass Land. — Hay- 
making. — Stacking Hay. — Impediments 
to the Scythe and the Eradication of 
Weeds.— Paring and Burning. — Draining. 
Irrigation. — Warping. 

On the Cultivation ami Application 
of Grasses, Pulse, and Roots. — Natural 
Grasses usually cultivated. — Artificial 
Grasses or Green Crops. — Grain and 
Pulse commonly cultivated for their 
Seeds, for their Straw, or for Green 
Forage. — ^Vegetables best calculated for 
Animal Food.— Qualities and Compara- 
tive Value of some Grasses and Roots as 
Food for Cattle. 

On Manures in General, and their 
Amplication to Grass Land. — Vegetable 
Manures. — ^Animal Manures. — Fossil and 
Mineral Manures.— Liquid or Fluid Ma- 
nures.— Composts. — Preservation of Ma- 
nures. — Application of Manures. — Flemish 
System of Manuring. — Farm Accounts, 
and Tables for Calculating Labour by the 
Acre, Rood, &c., and by the Day, Week, 
Month, &c. — Monthly Calendar of Work 
to be done throughout the Year.— Obser- 
vations on the Weather. — Index. 



*• The standard, and text-book, with the farmer and gCAzwi.'*— Farmer's Magazine. 

** A valuable repertory of intelligence for all who make agriculture a pursuit, and 
especially for those who aim at keeping pace with the improvements of the age." — 
BelCs Messenger. 

" A treatise which will remain a standard work on the subject as long as British 
agriculture endures.** — Mark Lane E.xpress, 
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" No Englishman ought to be without this book!* 

EVERY MAN'S OWN LAWYER; a Handy-Book of the Prin- 
ciples of Law and Equity. By A Barrister. 8th Edition, 
carefully revised, including a Summaty of the New Bankruptcy 
Laws, the Fraudulent Debtors Act, the Reported Cases of the 
Courts of Law and Equity, &c. With Notes and References to the 
Authorities. i2mo, price 6j. %d, (saved at every consultation), 
strongly bound. 

Comprising the Rights and Wrongs of Individuals^ Mercantile and Com- 
merctal Law^ Criminal Law^ Parish Law, County Court Law^ 
Game and Fishery Laws^ Poor Metis Lawsuits* 

THE LAWS OF 



Bankruptcy. 

Bills op Exchange. 

Contracts and Agrsbmbnts. 

Copyright. 

Dower and Divorce. 

Elections and Registration. 

Insurance. 

Libel and Slander. 



Mortgages, 

Settlements. 

Stock Exchange Practice. 

Trade Marks and Patents. 

Trespass, Nuisances, etc. 

Transfer of Land, etc. 

Warranty. 

Wills and Agreements, etc. 



Also Law for 



Landlord and Tenant. 
Master and Servant. 
Workmen and Apprentices. 
Heirs, Devisees, and Legatees. 
Husband and Wife. 
Executors and Trustees. 
Guardian and Ward. 
Married Women and Infants. 
Partners and Agents. 
Lender and Borrower. 
Debtor and Creditor. 
Purchaser and Vendor. ^ 
Companies and Associations. 
Friendly Societies. 



Qer^ymen, Churchwardens. 
Medical Practitioners, &c. 
Bankers. 
Fanners. 
Contractors. 

Stock and Share Brokers. 
Sportsmen and Gamekeepers. 
Farriers and Horse-Dealers. 
Auctioneers, House-Agents. 
Innkeepers, &c. 
Pawnbrokers. 
Surveyors. 

Railways and Carriers. 
&c. &c. 



'* No Englishman ought to be without this book . . . any person perfectly unin- 
formed on legal matters, who may reiquire sound information on unknown law points, 
will, by reference to this book, acquire the necessary information ; and thus on many 
occasions save the expense and loss of time of a visit to a lawyer." — Engineer ^ Jan. 
28, 1870. 

" It is a complete code of English Law, written in plain language which all can 
understand . . . should be in the hands of every business man, and all who wish to 
abolish lawyers' bills." — Weekly Times^ March 6, 1870. 

*' With the volume before us in hand, a man may, in nine cases out of ten, decide 
his own course of action, learn how to proceed for redress of wrones, or recovery of 
riehts, and save his pocket from the dreaded consultation fees and the incalculable 
bills of costs." — Civil Service Gazette^ May 23, 1868. 

*' We have found it highly satisfactory as a work of authority and reference, and a 
handv-book of information. There Ls abundance of cheap and safe law in this work 
for all who want it." — Rock^ May 26, 1868. 

" A useful and concise ejatome of the law, compiled with considerable care." — Law 
Magazine. 

*' What it pyofesses to be — a complete epitome of the laws of this country,' thoroughly 
intelligible to non-professional readers. The bo|ok is a handy one to have in readi- 
ness when some knotty point requires ready solution." — Belfs Life, 
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